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(54) Photoelectric conversion device and driving method therefor 
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(57) In a photoelectric conversion device for reading 
signals in succession from plural photoelectric convert- 
ing elements (S11 - S33), arranged two-dimensionally 
on a substrate, by successively scanning drive lines (g1 
- g3) in the X-direction thereby transferring signals 
charges along signal lines in the Y-direction, for reading 
the signals of the photoelectric converting elements in 
a partial area, only the arbitrarily selected drive lines for 
the plural photoelectric converting elements are 
scanned in succession while the remaining drive lines 
are not driven or are driven simultaneously for transfer- 
ring the charges at a timing different from the timing of 
drive of the arbitrarily selected drive lines. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a photoelectric conversion device and a driving method therefor, and more par- 
ticularly to a photoelectric conversion device provided with a two-dimensional array of reading pixels, adapted for use 
in a facsimile apparatus, a digital copying apparatus of an X-ray image capture device, and a driving method therefor. 

Related Background Art 

An image reading system utilizing a reduction optical system and a CCD sensor has been conventionally employed 
for the image capture in the facsimile apparatus, digital copying apparatus or X-ray image capture device, but, based 
on the recent development of photoelectric semiconductor materials exemplified by hydrogenated amorphous silicon 
(hereinafter referred to as a-Si), there are conducted active developments for so<;alled contact sensors having pho- 
toelectric converting elements and signal processing units on a large-sized substrate to enable image reading with an 
optical system of a size same as that of the information source. Particularly a-Si, being usable not only as a photoelectric 
converting material but also in a thin film field effect transistor (hereinafter written as TFT), provides an advantage that 
the photoelectric converting semiconductor layer and the semiconductor layer of TFT can be formed simultaneously 
However, in such photoelectric conversion devices, in case of reading a partial area (hereinafter called trimming 
operation ), it is required to drive all the drive lines or all the pixels to read the outputs of all the pixels and then to extract 
the signals corresponding to the certain required area. For this reason there is encountered a drawback of requiring 
time for driving the unnecessary drive lines and time for reading the unnecessary output signals. 

In case the photoelectric conversion device is of a large area with pixels of a high definition as in the X-ray image 
capture device, particularly in case of capturing information of a large number of pixels of a high definition as so-called 
moving image as in the case of observing the image while irradiating the X-ray image capture device continuously with 
X-ray, such drawback becomes serious because of the significant signal processing time and also because of the 
increased X-ray radiation dose in case of the X-ray image capture. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a photoelectric conversion device including a two<Jimensional array 
of plural photoelectric converting elements, capable of high-speed signal reading, and a driving method therefor. 

Embodiments of the present invention provide a photoelectric conversion device, including an array of plural pho- 
toelectric converting elements, not requiring time for driving the unnecessary drive lines and time for reading unnec- 
essary output signals in case of reading the signals of the photoelectric converting elements of a partial area (such 
reading operation being hereinafter called a trimming operation). 

Embodiments of the present invention provide a photoelectric conversion device enabling image reading with a 
higher sensitivity, usable as an X-ray image capture device with a reduced X-ray radiation does, and a drive method 
therefor. 

Embodiments of the present invention provide a drive method for a photoelectric conversion device in which signals 
of plural photoelectric converting elements arranged in a two-dimensional array on a substrate are successively read 
by scanning the drive lines in X-direction in succession and transferring the signal charges in the signal lines in the Y- 
direction, wherein the signal charge transfer is executed by scanning in succession only arbitrarily selected drive lines 
among those for the plural photoelectric converting elements, while not driving the remaining drive lines for the signal 
charge transfer or driving the remaining plural drive lines simultaneously at a timing different from that for the above- 
mentioned arbitrary drive lines. 

Embodiments of the present invention provide a drive method for such photoelectric conversion device, wherein 
potentials at both ends of each of the photoelectric converting elements in the remaining drive lines are simultaneously 
returned to an initial value. 

Embodiments of the present invention provide a drive method for such photoelectric conversion device, wherein 
such remaining drive lines are driven either collectively or in divided manner. 

Embodiments of the present invention provide a drive method for such photoelectric conversion device, wherein 
the drive lines execute a drive for initializing all the photoelectric converting elements after the aforementioned arbitrary 
drive lines execute transfer of the signal charges obtained by the photoelectric conversion in the corresponding pho- 
toelectric converting elements. 

Embodiments of the present invention provide a drive method having a mode for reading the signals by driving 
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the aforementioned arbitrary drive lines and another mode for reading the signals by driving second arbitrary drive 
lines different from the above-mentioned arbitrary drive lines, and a drive method in which the above-mentioned two 
modes are executed alternately. 

Embodiments of the present invention provide a drive method wherein the aforementioned arbitrary drive lines are 
s selected in a plural number and such selected drive lines are driven in succession from the innermost one toward the 
outermost one, and/or the aforementioned arbitrary drive lines are selected in a plural number and a drive is executed 
for initializing the selected drive lines in succession from the innermost one toward the outermost one prior to the 
reading of the signal charges by the drive lines. 

Embodiments of the present invention provide a drive method for reading image data from a photoelectric conver- 
10 sion device including a photodetector array consisting of a matrix array of photosensor elements, comprising steps of: 

a) determining, as an object area of the user, an area of the photosensor elements defined by a desired range of 
rows and a desired range of columns in the photodetector array; 

b) detecting the signals of the photosensor elements of at least a row, from the side of one of the mutually opposed 
is edges, in the direction of row, of the object area; 

c) detecting the signals of the photosensor elements of at least a row, from the side of the other of the mutually 
opposed edges, in the direction of row, of the object area; and 

d) alternately repeating the steps b) and c), except for the already detected rows, until the signals of the photosensor 
elements of the row at the central portion of the object area are detected. 

20 

Embodiments of the present invention provide a drive method for reading image data from a photoelectric conver- 
sion device including a photodetector array consisting of a matrix array of photosensor elements, comprising steps of: 

a) determining, as an object area of the user, an area of the photosensor elements defined by a desired range of 
25 rows and a desired range of columns in the photodetector array; 

b) detecting signals of the photosensor elements of at least a row in a central portion of the object area; 

c) detecting signals of the photosensor elements of at least a row adjacent to one of the two sides of the already 
detected row; 

d) detecting signals of the photosensor elements of at least a row adjacent to the other of the two sides of the 
30 already detected row; and 

e) alternately repeating the steps of c) and d), except for the already detected rows, until the signals of the pho- 
tosensor elements of the rows on the mutually opposed edges : in the direction of row, of the object area are 
detected. 

35 Embodiments of the present invention provide a drive method for driving a photoelectric conversion device which 

is provided with a photodetector array consisting of a matrix array of photosensor elements and in which signals from 
at least a part of the photosensor elements of each column are taken out from a common column output line through 
switching elements, comprising steps of: 

^0 a) determining, as an object area of the user, an area of the photosensor elements defined by a desired range of 

rows and a desired range of columns in the photodetector array; 

b) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row, from the side of one of the mutually opposed edges, in the direction of row, of the object 
area; 

45 c) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 

elements of at least a row, from the side of the other of the mutually opposed edges, in the direction of row, of the 
object area; and 

d) alternately repeating the steps b) and c), except for the already detected rows, until the signals of the photosensor 
elements of the row at the central portion of the object area are detected. 

so 

Embodiments of the present invention provide a drive method for driving a photoelectric conversion device which 
is provided with a photodetector array consisting of a matrix array of photosensor elements and in which signals from 
at least a part of the photosensor elements of each column are taken out from a common column output line through 
switching elements, comprising steps of: 

ss 

a) determining, as an object area of the user, an area of the photosensor elements defined by a desired range of 
rows and a desired range of columns in the photodetector array; 

b) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
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elements of at least a row at the central portion of the object area; 

c) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row adjacent to one of the side of the already detected row; 

d) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row adjacent to the other of the side of the already detected row; and 

e) alternately repeating the steps c) and d), except for the already detected rows, until the switch elements corre- 
sponding to the photosensor elements of the rows at the mutually opposed edges, in the direction of row, of the 
object area are driven. 



Embodiments of the present invention provide a photoelectric conversion device provided with a photodetector 
array composed of a matrix array of photosensor elements and including a signal charge accumulation unit corre- 
sponding to each photosensor element and a switch unit provided in the signal output path from such signal charge 
accumulation unit, the device comprising: 

object area determination means for determining, as an object area of the user, an area of the photosensor elements 
defined by a desired range of rows and a desired range of columns in the photodetector array, and drive means 
for generating a drive signal for the photodetector array based on the output of the object area determination means; 
wherein the drive means is adapted to generate the drive signal for the photodetector array in such a manner as 
to reset the charges of the signal charge accumulation units by driving the switch units of the photodetector array 
in succession from a row at the periphery of the object area to a row at the center thereof, and, after the exposure 
to the light, to read the signal charges of the signal charge accumulation units by driving the switch units of the 
photodetector array in succession from the central portion of the object area to the peripheral portion thereof. 

Embodiments of the present invention provide a photoelectric conversion device comprising read instruction de- 
tecting means for detecting a read instruction, and control means for controlling the aforementioned drive means based 
on the output of the read instruction detecting means, wherein the control means is adapted to effect the resetting, the 
exposure after the resetting and the signal charge reading after the exposure based on the output of the read instruction 
detecting means, and to provide a photoelectric conversion device further comprising conversion means for converting 
an X-ray, emitted from X-ray irradiation means, into a visible light, and adapted to detect the visible light, emitted from 
the conversion means, by the photodetector array 

Embodiments of the present invention provide a photoelectric conversion device, wherein the drive means is adapt- 
ed to generate drive signals for the photodetector array, in such a manner as to refresh the signal charge accumulation 
units by driving the switch units of the photodetector array in succession from a row in the peripheral portion of the 
object area to a row at the central portion thereof. 

Embodiments of the present invention provide a photoelectric conversion device for reading the signals in succes- 
sion from plural photoelectric converting elements arranged two<iimensionally on a substrate, by scanning the drive 
lines of the X-direction in succession thereby transferring the signal charges in the Y-direction, comprising means for 
successively scanning the arbitrary drive lines only of the above-mentioned plural photoelectric converting elements. 

Embodiments of the present invention provide such photoelectric conversion device comprising means for simul- 
taneously driving the remaining drive lines at a timing different from the drive timing for the above-mentioned arbitrary 
drive lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1A and IB are schematic cross-sectional views of examples of the photoelectric converting element, while 
Fig. 1 C is an equivalent circuit diagram showing a schematic drive circuit for the photoelectric converting element 
shown in Fig. 1 A or 1 B; 

Fig. 2 is a schematic cross-sectional view of a TFT (thin film transistor); 

Fig. 3 is a chart showing an example of the relationship between the thickness of the gate insulation film of TFT 
and the yield; 

Fig. 4 is a schematic circuit diagram of a photoelectric conversion device having a two-dimensional array of pho- 
toelectric converting elements; 

Fig. 5A is a schematic plan view of a pixel of the photoelectric conversion device, while Fig. 5B is a schematic 
cross-sectional view of the pixel shown in Fig. 5A; 

Fig. 6 is a timing chart showing an example of drive of the photoelectric conversion device shown in Fig. 4; 
Figs. 7 and 8 are schematic plan views showing examples of the arrangement of reading areas and driving IC's; 
Fig. 9 is a schematic equivalent circuit diagram of an example of the photoelectric conversion device; 
Figs. 1 0 and 1 1 are timing charts showing examples of drive of the photoelectric conversion device shown in Fig. 9; 
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Fig. 12 is a schematic view showing the system configuration of an X-ray photographing system utilizing a two- 
dimensional photoelectric conversion device; 

Fig. 13 is a schematic plan view of a pixel structure of the photoelectric converting element; 
Fig. 14 is a schematic cross-sectional view of an example of the pixel structure of the photoelectric converting 
5 element; 

Figs. 1 5A, 1 5B and 1 5C are schematic energy band charts showing an example of the function of the photoelectric 
converting element; 

Fig. 16 is a schematic equivalent circuit diagram of an example of drive of a photoelectric converting element; 
Fig. 17 is a timing chart showing an example of drive of the photoelectric conversion device; 
io Fig. 18 is a schematic equivalent circuit diagram of an example of drive of a photoelectric converting element; 

Fig. 19 is a timing chart showing an example of drive of the photoelectric conversion device; 
Fig. 20 is a schematic view showing the system configuration of an example of selection of an object area; and 
Fig. 21 is a view showing the concept of the object area. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

At first there will be explained an example of the photosensor element in which the present invention is applicable. 
Figs. 1 A to 1 C are views showing the configuration of the photosensor, wherein Figs. 1 A and 1 B show layer struc- 
tures of two kinds of photosensor while Fig. 1C shows a representative driving method common to two kinds. Figs. 1 A 

20 and 1B both show photosensors of photodiode type, respectively called PIN type and Shottky type, wherein shown 
are a substrate 1 which is insulating at least at the surface thereof; a lower electrode 2; a p-type semiconductor layer 
3 (hereinafter called p-layer); an intrinsic semiconductor layer 4 (hereinafter called Mayer); an n-type semiconductor 
layer 5 (hereinafter called n-layer); and a transparent electrode 6. In the Shottky type structure, the material of the 
lower electrode 2 is suitably selected to form a Shottky barrier layer for inhibiting electron injection from the lower 

25 electrode 2 to the i-layer 4. In Fig. 1C, there are shown a photosensor 10 represented as a symbol; a power source 
11 and a detecting unit 12 such as a current amplifier. In the photosensor 10, C indicates the side of the transparent 
electrode 6 shown in Figs. 1 A and 1B, while A indicates the side of the lower electrode 2, and the power source 11 is 
so arranged as to apply a positive voltage to the side A with respect to the side C. 

Now the function of the photosensor will be briefly explained. As shown in Figs. 1 A and 1B, when the light enters 

30 from a direction indicated by an arrow and reaches the i-layer 4, it is absorbed to generate an electron and a hole. 
Since an electric field is applied to the i-layer 4 by the power source 11 , the electron moves toward the side C, through 
the n-layer 5 to the transparent electrode 6, while the hole moves toward the side A, or to the lower electrode 2. In this 
manner a photocurrent is generated in the photosensor 10. In the absence of the light entry, the i-layer 4 does not 
generate electron nor hole. Also the n-layer 5 functions as a hole injection inhibiting layer for the holes in the transparent 

35 electrode 6, while the p-layer 3 in the PIN type shown in Fig. 1 A or the Shottky barrier layer in the Shottky type shown 
in Fig. 1 B functions as an electron injection inhibiting layer for the electrons in the lower electrode 2, so that no current 
is generated. Consequently the presence or absence of incident light causes a variation in the current, and a photo- 
sensor can be obtained by detecting such variation by the detecting unit 12 shown in Fig. 1C. 

However it is not easy to construct a photoelectric conversion device of a sufficiently high S/N ratio and a low cost 

40 with the photosensors of the above-explained configurations, because of the following reasons. The first reason is the 
necessity of injection inhibiting layers in two positions, but in the PIN type shown in Fig. 1 A and in the Shottky type in 
Fig. 1B. In the PIN type shown in Fig. 1 A; the n-layer 5 constituting the injection inhibiting layer is required to have 
properties of guiding the electrons to the transparent electrode 6 and inhibiting the injection of the holes into the i-layer 
4. If either of these properties is not satisfied, there will result a decrease in the S/N ratio because the photocurrent 

45 decreases or because the current in the absence of the incident light (hereinafter called "dark current-) is generated 
or increases. Such dark current is itself considered as a noise and also contains therein a fluctuation, called shot noise 
or so-called quantum noise, and the quantum noise involved in the dark current cannot be made smaller even by the 
subtraction of the dark current in the detection unit 1 2. For improving these properties, it is usually necessary to optimize 
the film forming conditions for the i-layer 4 and the n-layer 5 or the annealing condition after the film formation. However, 

50 also the p-layer 3 constituting the other injection inhibiting layer is required to have properties similar to the foregoing 
but inversely applicable to the electrons and the holes. Usually the condition for optimizing the n-layer is not same as 
that for optimizing the p-layer, and it is not easy to satisfy both conditions at the same time. Stated differently, the 
formation of the photosensor of a high S/N ratio becomes difficult because of the necessity of two injection inhibiting 
layers of mutually opposed properties within a same photosensor. This applies also to the Shottky type photosensor 

55 shown in Fig. 1 B. Also such Shottky type photosensor shown in Fig. 1 B employs, in one of the injection inhibiting layers, 
a Shottky barrier layer, relying on the difference in the work functions of the lower electrode 2 and the i-layer 4, whereby 
the material of the lower electrode 2 is limited or the characteristics are significantly influenced by the presence of the 
localized level at the interface. It is therefore not easy to ideally satisfy all these conditions. It is also proposed, for 
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improving the property of the Shottky barrier layer, to form a silicon film or a metal oxide or nitride film of a small 
thickness in the order of 100 A between the lower electrode 2 and the i-layer 4, for improving the effects of guiding the 
holes to the lower electrode 2 and inhibiting the injection of the electrons into the i-layer 4 by the tunneling effect Such 
con.gurat.on also utilizes the difference of the work functions and inevitably involves the limitation on the material of 
the lower electrode 2. Also in order to achieve mutually opposite properties, namely the inhibition of injection of the 
e ectrons and the promotion of movement of the holes by the lunneling effect, the thickness of such oxide or nitride 

hT^rl 5 3 V6 T T? "J 3 '" 6 ' " thS ° rd6r ° f 1 °° A ' and '* is not easy to achieve a hj 9 h Productivity because of 
the difficult in the control of thickness or film quality. 

Also the necessity for the injection inhibiting layers in two positions lowers the productivity, thus giving rise to an 
increased cost, because the performance as the photosensor cannot be obtained if a defect is generated, tor example 
by particles, even in one of the two injection inhibiting layers, which play important role in the performance 

Such second reason will be explained with reference to Fig. 2, which shows the layered configuration of a field 
effect transistor consisting of thin semiconductor films (TFT). Such TFT is often utilized as a part of the control unit in 
the photoelectric conversion device. In Fig. 2, components same as those in Figs. 1 A to 1 C are represented by same 
numbers. In Fig. 2 there are also shown is a gate insulation film 7, and an upper electrode 60. Such TFT is prepared 
in the following manner. On an insulating substrate 1 , there are formed in succession a lower electrode 2 functioning 
TJr 9 ^ r ° de , (G) ' a 9 a,e 'nation film 7, an i-layer 4, an n-layer 5, and an upper electrode 60 functioning as 
source and dram electrodes (S, D). Then the upper electrode 60 is etched to form the source and drain electrodes 
and then the n-layer 5 is etched to form a channel portion. As the characteristics of the TFT are sensitive to the state 
of the .nterlace between the gate insulation film 7 and the i-layer 4, these films are normally deposited in succession 
under a same vacuum condition, in order to avoid contamination of these films. 

In case a photosensor is formed also on the substrate of the TFT, the above-explained layer structure becomes 
he cause of increased cost or deteriorated characteristics. More specifically, the photosensor has a layer structure in 
the order from the substrate side, of electrode/p-layer/i-layer/n-layer/electrode in case of the PIN type shown in Fiq 
1 A or electrode/i-byer/n-layer/electrode in case of the Shottky type shown in Fig. IB, while the TFT has a layer structure 
.n the order from the substrate side, of electrode/insulation film/i-layer/n-layer/electrode, and these structures cannoi 
be prepared in a same process sequence without causing a loss in the production yield or an increase in cost because 
of the complication of the process. Also the formation of i-layer/n-layer at the same time in a common process requires 
an e ch.ng step for Ihe gate insulation film 7 and the p-layer 3, and, in such case, these results possibility that the 
.nject.on .nh.brt.ng p-layer 3, important in the performance of the photosensor, and the i-layer 4 cannot be formed in 
succession under a same vacuum condition or that the interface between the gate insulation film 7. important in the 
TFT, and the .-layer 4 is contaminated by etching operation for patterning the gate insulation film, eventually leading 
to a deterioration in the characteristics and in the S/N ratio. 

o = l h l ' ay . ered co f nfi9uration can be made same in case an oxide or nitride film is formed between the lower electrode 
2 and the .-layer 4 for .mproving the characteristics of the Shottky type photosensor shown in Fig. 1B. However such 
ox.de or nrtr.de f.lm is required to have a thickness in the order of 100 A and cannot therefore be used in common with 
he gate .nsulat.on f.lm. Fig. 3 shows an experimental result of the present inventors on the relationship between the 

1 SS t ? 9 Tl a,IOn ,Nm and the P roduc,ion V ieid of *e TFT The production yield became drastically lower 
when the thickness of the gate insulation film was reduced from 1000 A, and was reduced to about 30 % and 0 % 
respectively at thicknesses of 800 A and 500 A, and even the function of TFT could not be observed at a thickness of 
250 A. These data indicate that the oxide or nitride film for the photosensor utilizing the tunneling effect cannot be used 
as the gate insulation film, which has to perform insulation for the electrons or the holes in the TFT 

It is also difficult to prepare a capacitance element (hereinafter called "capacitor"),' which is unrepresented but 
required for obtaining an .ntegrated value of the charge or the current, with a satisfactory performance of a low leakage 
n the configurat.on same as that of the photosensor. This is because, while the capacitor always requires a layer for 
inhibiting the movement of electrons and holes as an intermediate layer for two electrodes in order to accumulate a 
charge therebetween, it is difficult to obtain such intermediate layer of satisfactory performance with lowthermal leakage 
as the photosensor only contains semiconductor layers or layers allowing the movement of electrons or holes between 
in© sisctrociQs. 

in th^ U ^ur?ni 0f »r ,Ch K in , 9 "I T 688 ° r ^ P erformance with the TFT or the capacitor which is an important element 
in the structure of the photoelectric conversion device renders it difficult to improve the production yield in constructing 
a system conta.n.ng a two-dimensional array of a plurality of photosensors and designed to detect the signals thereof 
in succession, because of the large number and complexity of the process steps, and is considered a significant draw- 
oack in realizing a high-performance device of multiple functions with a low cost 

In the following there will be explained a prior photoelectric conversion device provided with a photosensor pro- 
posed to resolve the above-mentioned difficulties. 

Fig. 4 is an entire circuit diagram of a prior example of the photoelectric conversion device. Fig. 5A is a schematic 
plan v.ew of an example of a component element corresponding to a pixel of the photoelectric conversion device, and 
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Fig. 5B is a schematic cross-sectional view along a line 5B - 5B in Fig. 5A. In Fig. 4, there are shown photoelectric 
converting elements S1 1 - S33 in which the lower electrode side and the upper electrode side are respectively indicated 
by G and D; accumulating capacitors C1 1 - C33; transfer TFT's T1 1 - T33; a reading power source Vs and a refreshing 
power source Vg connected, respective through switches SWs, SWg, to the G electrodes of al the photoelectric con- 

s verting elements S11 - S33. The switch SWs is connected through an inverter to a refreshing control circuit high fre- 
quency, while the switch SWg is connected directly thereto, and these switches are so controlled that the switch SWg 
is turned on during the refreshing period. A pixel is composed of a photoelectric converting element, a capacitor and 
a TFT, and the output signal therefrom is supplied, through a signal line SIG to a detecting integrated circuit IC. In such 
photoelectric conversion device, nine pixels are divided into three blocks, and the outputs of three pixels in each block 

10 are simultaneously transferred to the signal line SIG to the detecting integrated circuit IC and are converted thereinto 
into successive outputs (Vout). The three pixels in each block are arranged horizontally while the three blocks are 
arranged vertically to obtain a two-dimensional array of the pixels. 

In Fig. 4, an area surrounded by a broken-lined frame is formed on a same insulating substrate of a large area, 
and a portion thereof corresponding to a first pixel is shown in a schematic plan view in Fig. 5A. Also Fig. 5B is a 

15 schematic cross-sectional view corresponding to a line 5B - 5B. In these drawings there are shown a photoelectric 
converting element S11, a TFT T11, a capacitor C11, and a signal line SIG. In such prior photoelectric conversion 
device, proposed by the present inventor before, the capacitor C11 and the photoelectric converting element S11 are 
not particularly isolated but the electrodes of the photoelectric converting element S11 are made larger to constitute 
the capacitor C11. Such configuration is enabled by a fact that the photoelectric converting element and the capacitor 

20 have a same layer structure and features such prior proposed photoelectric conversion device. On the pixel there are 
formed a passivation silicon nitride film SiN and a fluorescent member Cst composed for example of cesium fluoride. 
The X-ray entering from above is converted by the fluorescent member Csl into light (represented by broken-lined 
arrows), which enters the photoelectric converting element. 

In the lollowing there will be explained the function of the above-explained photoelectric converting device with 

25 re f erenc e to Fig. 4 and Fig. 6, which is a timing chart showing an example of the function of the circuit shown in Fig. 4. 

At first a Hi-level signal is applied, by shift registers SR1 , SR2, to control lines g1 - g3, s1 - s3, whereby the transfer 
TFT's T11 - T33 and switches M1 - M3 are turned on and rendered conductive to shift the D electrodes of all the 
photoelectric converting elements S11 - S33 to the ground potential as the input terminal of an integrating detector 
Amp is designed at the ground potential. At the same time the refresh control circuit high frequency releases a Hi-level 

30 signal to turn on the switch SWg, whereby the G electrodes of all the photoelectric converting elements S11 - S33 are 
shifted to a positive potential by the refreshing power source Vg and all the photoelectric converting elements S11 - 
S33 assume the refreshing mode and are refreshed. Then the refresh control circuit high frequency releases an Lo- 
level signal to turn on the switch SWs, whereby the G electrodes of all the photoelectric converting elements S11 - S33 
are shifted to a negative potential by the reading power source Vs. Thus all the photoelectric converting elements S11 

35 - S33 assume the photoelectric conversion mode, and the capacitors C11 - C33 are initialized at the same time. In this 
state the shift registers SR1 , SR2 send Lo-level signals to the control lines g1 - g3, s1 - s3 to turn off switches M1 - 
M3 of the transfer TFT's T11 - T33, whereby the D electrodes of all the photoelectric converting elements S11 - S33 
are left open in DC manner but are retained at a certain potential by the capacitors C11 - C33. At this point, however, 
the photoelectric converting elements S11 - S33 do not receive light and does not generate photocurrents, because 

40 of absence of entry of the X-ray. Then, the X-ray is emitted in pulsed manner, transmitted for example by a human 
body and enters the fluorescent member Csl for conversion into light, which enters the respective photoelectric con- 
verting elements S1 1 - S33. Such incident light contains information on the internal structure for example of the human 
body. The photocurrents generated by the incident light are accumulated in the capacitors C11 - C33, in a form of 
charges, which are retained even after the X-ray irradiation is terminated. Then the shift register SR1 applies a Hi-level 

45 control pulse to the control line g1 while the shift register SR2 applies control pulses to the control lines s1 - s3 whereby 
output signals vl - v3 are released in succession through the switches Ml - M3 of the transfer TFTs T11 - T33. Also 
other signals are released in succession by similar control of the shift registers SR1 , SR2, whereby the two-dimensional 
information of the internal structure of the human body is obtained as v1 - v9. A still image is obtained by the process 
explained in the foregoing, but such process is repeated to obtain a moving image. 

50 in the above-explained photoelectric conversion device, the G electrodes of the photoelectric converting elements 

are connected in common and are controlled at the potential of the refreshing power source Vg or of the reading power 
source Vs through the switches SWg and SWs, so that all the photoelectric converting elements can be simultaneously 
switched to the refreshing mode or the photoelectric conversion mode. It is thus rendered possible to obtain a light 
output signal, by a TFT per pixel, without complex control. 

55 in the above-explained photoelectric conversion device, nine pixels are two-dimensionally arranged in a 3 x 3 

matrix and are transferred and outputted in three divided operations. Such configuration can be expanded, for example, 
to a two-dimensional array of 2000 x 2000 pixels, arranged with a density of 5 X 5 pixels per square millimeter to 
obtain an X-ray detector of 40 x 40 cm. Such X-ray detector can be combined, in place for an X-ray film, with an X- 
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ray generator to form an X-ray image capture apparatus that can be used for chest radiological inspection mammo- 
graphy inspection or non-destructive testing. In contrast to the conventional X-ray film, such apparatus allows to in- 
stantaneously display the output image on an output device such as a CRT, and also to convert the output signals into 
digital form and to effect suitable image processing on a computer. Also such image can be stored on a magnetooptical 

.o'tLT^r ^ a9e f s , taken J n ,h t PaSt Can be retrieved i^tantaneously. Also such apparatus has a sensitivity superior 
tothat of the X-ray film and can be obtain a clear image with a weak X-ray having less detrimental effect on the human 

with ?nnn 7 ^nnn ShOV I *" 'T^l! °' the Photoelectric conversion device having 2000 X 2000 pixels. Such detector 
io £ pi T 1 f ? T bS ° b,ained by increasin 9 the nu ™°er of the elements, in the broken-lined frame shown 
snnn "7, ? and horizontal directions. In such case, there will be required 2000 control lines g1 - g2000 and 
2000 signal lines s,g1 - s.g2000. Also the shift register SR1 or the detecting integrated circuit IC becomes large in scale 
as it has to control or process 2000 lines. Such device, if formed as a single chip, becomes extremely large and is 
cm V on ge °u S projection y |eld or in the cost - Therefore the shift register SR1 is constituted by 20 chips SR1 -1 
- SR1-20, each covering 100 lines. Also the detecting integrated circuit is constituted by 20 chips IC1 - IC20 each 
»» covering 100 processing circuits. ' 

m JntllT c °" fi 9 uratio " shown in R 3 7, 20 chips (SR1-1 - SR1 -20) are mounted at the left side (L) while 20 chips are 
mounted at the lower side (D), and 100 control or signal lines are connected by wire bonding to each chip In Fiq 7 
a broken-lined frame area corresponds to that in Fig. 4. Omitted from the illustration are the connections to the exterior 
oo T ° he ' c ° m e on ! n,s sucn as sw 9. SWs, Vg, Vs, RF etc. The detecting integrated circuits IC1 - IC20 have 20 outputs 
-o (Vout) which may be combined into one for example through a switch or may be released to the exterior in parallel 
manner. 
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Fig. 8 shows another configuration, having 10 chips SR1-1 - SR1 -10 at the left side (L), 10chipsSR1-11 -SR1-20 
at the right side (R), 10 chips IC1 - IC10 at the upper side (U) and 10 chips IC11 - IC20 at the lower side (D) This 
configuration can improve the production yield, since the lines are equally divided by 1000 lines to each of the upper 
lower, left and right sides whereby the density of the lines or of the wire bonding on each side can be reduced The 

to V ,hl°? « h in SUCh 3 mann8r that the odd - numbere d control lines g1, g3, g6 .... g1 999 are extracted 

to the left side L while the even-numbered control lines are extracted to the right side R, whereby the lines can be 
extracted at a constant pitch, without concentration in density. The lines to the upper side and to the lower side can 
also be divided in a similar manner. 

In another unillustrated arrangement, the control lines are divided in groups of lines which are continuous for each 

C ^ nam ! y 9 ' 910 °' 9201 " 9300 91801 " 91900 at the left side L an ° g101- 9 200, g301 - g400 g1901 - 
92000 at the r.ght side R, alternately to the left and right sides. Such arrangement allows continuous control with simpler 
contro of dnve timing within each chip, which can be made less expensive because of the simpler circuit configuration 
A similar arrangement can be adopted also in the upper and lower sides to enable continuous processing thereby 
allowing the use of inexpensive circuits. 9 ' inereDy 

The configuration shown in Fig. 7 or 8 can be obtained by forming the circuits of the broken-lined frame area on 
fhl a K 9 V r tra1e and then mountin 9 the chi PS on such substrate, or by mounting a substrate bearing the circuits of 

Lnhct^t! a " 7? T 9 area f " d thS ChipS ° n an ° ther ' arge SUbstrate 11 is also P° ssib,e to mount the chips on a flexible 
substrate and to adhere and connect it to a substrate bearing the circuits of the broken-lined frame area 

h„J~ Z 9e 'T1 ph0toel f ,ric conversion device with a large number of pixels can be obtained with a high pro- 
duction yield and a low cost, by forming the different elements simultaneously with common films, thus with a simpler 
process with a reduced number of process steps. Also the capacitor the TFT and the photoelectric converting element 
can be formed within a same pixel, whereby the number of the elements can be reduced almost to a half and the 
production yield can thus be improved further. 

Jr th6 f 7r "f Pl£ T ed confi 9 uration . 'he Photoelectric converting element employed therein can detect the amount 
of the inc.dent light w.th only one injection inhibiting layer and enables easy optimization of the production process 

Z^eoTrhiTh * ™ Pr0dUCti °H yie ' d and redUC,i ° n in the pr ° dUCti0n COSt ' ,hus P rovidi "9 a Photoelectric conversion 
device of a h.gh S/N ratio and a low cost. Also as its layered configuration of first electrode layer/insulation layer/ 
photoelectric converting semiconductor layer in succession on the substrate does not utilize the tunneling effect or the 

for^h th t,T a,er,alS COns,itu,in 9 'he electrodes can be arbitrarily selected, and a larger freedom is secured 

for the thickness of the insulation layer and other controls. 

. ra n^° S ,T°p: h T Ph0 ^ el !u triC COnvertin 9 element materials well with the switching element such as thin-film field effect 
transistor (TFT) and/or the capacitance element to be formed at the same time. These elements, having a same layered 
simultaneously formed by common films, and the films important for the photoelectric converting 
I \Zlnt tin h Z h ane ° USly ,0rmSd Und6r 3 Same VaCUUm condition Also th e Photoelectric converting 

faver i the i^llTl * ^ ^ ~" * ^ ^ Furthermore ^ capacitor, containing an insulation 
ayer ,n the intermediate layer, can be prov.ded with satisfactory performance. Thus there can be provided a photoe- 
lectric conversion device of a high performance, capable of outputting the integrated values of the optical information 
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obtained with the plural photoelectric converting elements with a simple configuration. Also there can be provided a 
facsimile device or an X-ray image capture device of a large area with high performance and a low cost. 

In any photoelectric conversion device having a two-dimensional array of a plurality of photosensors (photoelectric 
converting elements), it is important to obtain the necessary information at a higher speed. 

s A method for meeting such requirement, in a photoelectric conversion device for reading the signals in succession 

from a two-dimensional array of plural photoelectric converting elements on a substrate, by successively scanning 
plural drive lines in the X-direction thereby transferring the signal charges in the signal lines of the Y-direction, consists 
of successively scanning only arbitrarily selected drive lines of the above-mentioned photoelectric converting elements 
and simultaneously driving the remaining drive lines at a timing different from that for the above-mentioned arbitrarily 

io selected drive lines, thereby transferring the signal lines. 

Such method allows to eliminate the time required for driving the unnecessary drive lines and for reading the 
unnecessary output signals by simultaneously driving the unnecessary drive lines instead of successive drive, whereby 
the signals of the necessary area can be read at a higher speed. Thus, in case the photoelectric conversion device is 
utilized as an X-ray image capture device, particularly in case of observation of a moving image by continuous irradiation 

15 of such image capture device with X-ray, there can be achieved a reduction in the X-ray radiation dose, providing a 
significant advantage in medical and environmental sense. 

Also the sensor characteristics of all the photoelectric converting elements can be equalized by simultaneously 
returning the potentials at both ends of unnecessary photoelectric converting elements to the initial value within a short 
time, whereby provided is a photoelectric conversion device with a high reliability in the obtained information. 

20 Another method for meeting the aforementioned requirement, in a photoelectric conversion device for reading the 

signals in succession from a two-dimensional array of plural photoelectric converting elements on a substrate, by 
successively scanning plural drive lines in the X-direction thereby transferring the signal charges in the signal lines of 
the Y-direction, consists of successively scanning in succession the arbitrarily selected necessary drive lines only, and 
not effecting the drive of the remaining drive lines for the transfer of the signal charges. 

25 Also in such case, the time required for driving the unnecessary drive lines and for reading the unnecessary output 

signals can be eliminated, so that the signals of the necessary area can be read at a higher speed. Thus, as explained 
in the foregoing, in case the photoelectric conversion device is utilized as an X-ray image capture device, particularly 
in case of observation of a moving image by continuous irradiation of such image capture device with X-ray, there can 
be achieved a reduction in the X-ray radiation dose, providing a significant advantage in medical and environmental 

30 sense. 

In the X-ray image capture device, an X-ray beam emitted from an X-ray source is directed to an object (specimen) 
to be analyzed, such as a medical patient. There is also known a method, after the X-ray passes through the specimen, 
of converting the X-ray image into a visible optical image by an image intensifies then preparing an analog video signal 
from the visible optical image by a video camera and displaying such analog video signal on a monitor. In such case, 

35 since an analog video signal is prepared, the image processing for automatic luminance control and image emphasis 
is conducted in the analog form. 

On the other hand, in the above-explained solid-state X-ray detector utilizes a two-dimensional array containing 
3000 to 4000 detecting elements, such as photodiodes, in each line (such array being hereinafter called "detecting 
element array" or "detector array"). Each detecting element prepares an electrical signal corresponding to the pixel 

40 luminance of the X-ray image projected onto the detector, and the signals from the detecting elements are individually 
read and digitized, and are used for image processing, storage and display. 

In such solid-state detecting element array, the bias charges set in the detecting elements may be partially dis- 
charged by the current leakage in the transistors or by a phenomenon generally called "dark current". Such charge 
depletion resulting from such dark current or leaking current induces an offset in the image signals. Since the amount 

45 of charges eliminated by such currents is not constant, the offset in the signals fluctuates, thus adding an uncertain 
factor to the outputs of the detectors. 

The amount of charges eliminated from the detecting elements by the above-mentioned currents is a function of 
the time from the bias resetting of the detecting elements to the detection of the charges in the detecting elements. 
Consequently, for minimizing the influence of these currents, it is desirable to minimize the time required for signal 

50 reading from the elements of the detecting element array. On the other hand, for reducing the electrical noises added 
from the circuitry to the signals of the detectors, it is desirable to reduce the frequency band width of the image signal 
processing circuit and to extend the signal reading period. 

In the photodetector array of matrix shape, the signals of the detecting elements are read one-directionally from 
one of the two sides mutually opposed in the direction of rows or columns to the other. 

55 in most cases, however, the observer is interested in the central area of the image capture area, so that it is 

desirable to obtain the highest image quality in such central area. Also in a photodetector array of high resolution, it is 
particularly desirable to improve the image capturing speed by capturing the image with the detecting elements of the 
above-mentioned interest area. 
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It is therefore preferable to enable the image data reading so as to reduce the deterioration in the image quality 
in the image portion in which the observer is most interested. 

In reading the image datafrom a photoelectric conversion device including a matrix array of photosensor elements 
a high image quality can be obtained in an interest area by a method comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired range 
of rows and a desired range of columns in the photoelectric conversion device; 

b) detecting the signals of the photosensor elements of at least a row, from the side of one of the mutually opposed 
edges, in the direction of row, of the interest area; 

c) detecting the signals of the photosensor elements of at least a row, from the side of the other of the mutually 
opposed edges, in the direction of row, of the interest area; and 

d) alternately repeating the steps b) and c), except for the already detected rows, until the signals of the photosensor 
elements of the row at the central portion of the interest area are detected. 

Also in reading the image data from a photoelectric conversion device including a photosensor array in matrix 
form, there can be obtained a high image quality in the interest area by a method comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired range 
of rows and a desired range of columns in the photoelectric conversion device; 

b) detecting signals of the photosensor elements of at least a row in a central portion of the interest area 

c) detecting signals of the photosensor elements of at least a row adjacent to one of the two sides of the alreadv 
detected row; 7 

d) detecting signals of the photosensor elements of at least a row adjacent to the other of the two sides of the 
already detected row; and 

e) alternately repeating the steps c) and d), except for the already detected rows, until the signals of the photosensor 
elements of the rows on the mutually opposed edges, in the direction of row, of the interest area are detected. 

Also in driving a photoelectric conversion device which is provided with a matrix array of photosensor elements 
and in which signals from at least a part of the photosensor elements of each column are taken out from a common 
30 column output line through switching elements, the information of the interest area can be obtained without deterioration 
by another method comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired range 
of rows and a desired range of columns in the photoelectric conversion device; 
35 b) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 

elements of at least a row, from the side of one of the mutually opposed edges, in the direction of row, of the interest 
area; 

c) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row, from the side of the other of the mutually opposed edges, in the direction of row of the 

40 interest area; and ' 

d) alternately repeating the steps b) and c), except for the already detected rows, until the signals of the photosensor 
elements of the row at the central portion of the interest area are detected. 

Also in driving a photoelectric conversion device which is provided with a matrix array of photosensor elements 
and in which signals from at least a part of the photosensor elements of each column are taken out from a common 
column output line through switching elements, the information of the interest area can be obtained with deterioration 
by another method comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired range 
of rows and a desired range of columns in the photoelectric conversion device; 

b) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row at the central portion of the interest area; 

c) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row adjacent to one of the two sides of the already detected row; 

d) taking out the signals to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row adjacent to the other of the sides of the already detected row and 

e) alternately repeating the steps c) and d), except for the already detected rows, until the switch elements corre- 
sponding to the photosensor elements of the rows at the mutually opposed edges, in the direction of row, of the 
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interest area are driven. 

Also in a photoelectric conversion device provided with a matrix array of photosensor elements and including a 
signal charge accumulation unit corresponding to each photosensor element and a switch unit provided in the signal 
s output path from such signal charge accumulation unit, satisfactory data reading in the interest area can be achieved 
by a photoelectric conversion device comprising: 

interest area determination means for determining, as an interest area of the user, an area of the photosensor 
elements defined by a desired range of rows and a desired range of columns in the photoelectric conversion device, 
10 and drive means for generating a drive signal for the photoelectric conversion device based on the output of the 

interest area determination means; 

wherein the drive means is adapted to generate the drive signal for the photodetector array in such a manner as 
to reset the charges of the signal charge accumulation units by driving the switch units of the photodetector array 
in succession from a row at the periphery of the interest area to a row at the center thereof, and, after the exposure 
is to the light, to read the signal charges of the signal charge accumulation units by driving the switch units of the 

photodetector array in succession from the central portion of the interest area to the peripheral portion thereof. 

The photoelectric conversion device may also be so constructed as to comprise read instruction detecting means 
for detecting a read instruction, and control means for controlling the aforementioned drive means based on the output 
20 of the read instruction detecting means, wherein the control means is adapted to control the drive means so as to effect 
the resetting, the exposure after the resetting and the signal charge reading after the exposure based on the output of 
the read instruction detecting means. 

The photoelectric conversion device may further comprise wavelength conversion means for converting an X-ray, 
emitted from X-ray irradiation means, into a visible light, and adapted to detect the visible light, emitted from the con- 
2S version means, by the photodetector array. 

The drive means may be so constructed as to generate drive signals for the photodetector array, for refreshing 
the signal charge accumulation units by driving the switch units of the photodetector array in succession from a row 
in the peripheral portion of the interest area to a row at the central portion thereof. 

In the following the present invention will be clarified in detail by preferred embodiments thereof, with reference to 
30 the attached drawings. 

[First embodiment] 

Fig. 9 is a schematic circuit diagram of a photoelectric conversion device constituting a first embodiment of the 
35 present invention, and Fig. 10 is a timing chart showing an example of the function thereof. 

Now the function of the first embodiment will be explained with reference to Figs. 9 and 10. 

At first a Hi-level signal is applied, by the shift registers SR1 , SR2, to the control lines g1 - g3, s1 - s3, whereby 
the transfer TFT's T11 - T33 and the switches M1 - M3 are turned on and rendered conductive to shift the D electrodes 
of all the photoelectric converting elements S11 - S33 to the ground potential as the input terminal of the integrating 
40 detector Amp is designed at the ground potential. 

At the same time the refresh control circuit high frequency releases a Hi-level signal to turn on the switch SWg, 
whereby the G electrodes of all the photoelectric converting elements S11 - S33 are shifted to a positive potential by 
the refreshing power source Vg and all the photoelectric converting elements S11 - S33 assume the refreshing mode 
and are refreshed. 

45 Then the refresh control circuit high frequency releases a Lo-level signal to turn on the switch SWs, whereby the 

G electrodes of all the photoelectric converting elements S11 - S33 are shifted to a negative potential by the reading 
power source Vs. Thus all the photoelectric converting elements S11 - S33 assume the photoelectric conversion mode, 
and the capacitors C11 - C33 are initialized at the same time. In this state the shift registers SR1, SR2 send Lo-level 
signals to the control lines g1 - g3, s1 * s3 to turn off the switches M1 - M3 of the transfer TFT's T11 - T33, whereby 

50 the D electrodes of all the photoelectric converting elements S11 - S33 are left open in DC manner but are retained at 
a certain potential by the capacitors C11 - C33. 

At this point, however, the photoelectric converting elements S11 - S33 do not receive light and does not generate 
photocurrents, because of absence of entry of the X-ray. Then the X-ray is emitted in pulsed manner, transmitted for 
example by a human body and enters the fluorescent member Csl for conversion into light, which enters the respective 

55 photoelectric converting elements S11 - S33. Such incident light contains information on the internal structure for ex- 
ample of the human body. The photocurrents generated by the incident light are accumulated in the capacitors C11 - 
C33, in a form of charges, which are retained even after the X-ray irradiation is terminated. 

The function up to this point is same as that explained before. However the first embodiment is different in the 
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driving method after this point, in case of a trimming drive in which the output signals are required only in a part of the 
photoelectric converting elements, instead of the signals of all the photoelectric converting elements S11 - S33. 

In the following there will be explained, as an example, a case of reading the output signals from the photoelectric 
converting elements S21 , S22 and S23 only. 

As shown in Fig. 9, a control circuit A for controlling the shift registers SR1 , SR2 sends an instruction for the control 
lines related to the desired elements, namely the control lines g2 and s1-s3, whereby the shift register SR1 applies a 
Hi-level control pulse to the control line g2 while the shift register SR2 applies Hi-level control pulses to the control 
lines s1 -s3 to release the signals s1 - s3 in succession through the transfer TFT's T21 - T23 and the switches M1 - M3 

In this case, the control lines gl, g3 for transferring the unrequired output signals of the photoelectric converting 
elements S11 - S1 3 and S31 - S33 are given Hi-level control pulses at the same time, after the application of the Hi- 
level pulse to the control line g2. In this manner the unnecessary signal charges can be transferred to restore the initial 
state within a shorter time, in comparison with the driving method of applying the drive pulses in succession. More 
specifically, the potentials at both ends of the unnecessary photoelectric converting elements S11 - S1 3 and S31 - S33 
are simultaneously returned to the initial value within a short time to equalize the sensor characteristics of all the 
photoelectric converting elements S11 - S33. As a result, photoelectrical^ converted information of high reliability can 
always be obtained, regardless of the state of the non-reading pixels. 

Subsequently the shift register SR2 applies control pulses to the control lines s1 - s3 to release the signals v4 - 
v6 through the switches Ml - M3, but such output signals v4 - v6 are not particularly required. 

Thus the required two-dimensional information for example of the internal structure of the human body is obtained 
as v1 - v3. A still image can be obtained by the process up to this point, but such process is repeated for obtaininq a 
moving image. 3 

For enabling such control, the present embodiment is provided with a control circuit A for controlling the shift 
registers SR1 and SR2 as shown in Fig. 9. More specifically, the control circuit A generates a signal capable of starting 
the shift register SR1 from an arbitrary address and stopping it at an arbitrarily designated address, and also generates 
start and stop signals for determining the addresses and the number of repetition of the register SR2 according to the 
number of driven addresses of the register SR1. In this manner the output signals can be obtained from the required 
photoelectric converting elements. Such control circuit, being capable of recognizing the entered bit numbers of the 
sensors, is composed of logic circuits, but it may also be composed of circuits utilizing a microcomputer. 

In the present embodiment there has been explained a case of two<iimensionally arranging nine pixels into a 3 
X 3 matrix and outputting the signals of only three pixels therein, but the trimming can be achieved by driving by the 
shift registers, any plural desired drive lines in succession. 

In the present embodiment, in a photoelectric conversion device for reading in succession the signals from plural 
photoelectric converting elements arranged in a two-dimensional array on a substrate, by successively scanning the 
drive lines in the X-direction thereby transferring the signal charges in the signal lines in the Y-direction the arbitrarily 
selected necessary drive lines alone are scanned in succession while the remaining drive lines are not driven for the 
purpose of signal charge transfer. Such photoelectric conversion device, capable of dispensing with the time required 
for driving the unnecessary drive lines and for reading the unnecessary output signals, can read the necessary signals 
at a higher speed. 

Thus, in case the photoelectric conversion device is utilized as an X-ray image capture device, particularly in case 
of observation of a moving image by continuous irradiation of such image capture device with X-ray there can be 
achieved a reduction in the X-ray radiation dose, providing medically and environmentally significant advantage be- 
cause the above-explained drive method practically corresponds to an increase in the sensitivity of the sensors, as 
the eliminated drive time can also be used for the exposure. 

Also the sensor characteristics of all the photoelectric converting elements can be equalized by simultaneously 
returning the potentials at both ends of unnecessary photoelectric converting elements to the initial value within a short 
time, whereby provided is a photoelectric conversion device with a high reliability. 

The above-explained photoelectric converting element is provided, in the order from the substrate side with a first 
electrode layer, a first insulation layer for inhibiting the movement of both the carriers of a first type and those of a 
second type different in polarity from the carriers of the first type, a non-singlcrystalline photoelectric converting sem- 
iconductor layer, a second electrode layer and an injection inhibiting layer positioned between the second electrode 
layer and the photoelectric converting semiconductor layer and adapted to inhibit the injection of the carriers of the 
first type into the photoelectric converting semiconductor layer. 

Also there are provided a control unit, a power source unit and a detection unit for controlling the switch elements: 

for applying an electric field to the above-mentioned layers of the photoelectric converting element, in the refreshing 
mode, in such a direction as to guide the carriers of the first type from the photoelectric converting semiconductor 
layer to the second electrode layer; 

for applying an electric field to the above-mentioned layers of the photoelectric converting element, in the photo- 
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electric conversion mode, in such a direction as to retain the carriers of the first type, generated by the light entering 
the photoelectric converting semiconductor layer, within the photoelectric converting semiconductor layer and to 
guide the carriers of the second type to the second electrode layer; and 

for detecting the carriers of the first type : accumulated in the photoelectric converting semiconductor layer in the 
s photoelectric conversion mode, or the carriers of the second type guided to the second electrode layer, as the light 

signals. 

The above-mentioned switching element is provided, in the order from the substrate side, with a gate electrode 
layer a second insulation layer, a non-singlcrystalline semiconductor layer, a main electrode layer constituting a pair 
io of first and second main electrodes separated by a portion of the above-mentioned semiconductor layer, constituting 
a channel area, and an ohmic contact layer positioned between the main electrode layer and the above-mentioned 
semiconductor layer. 

At least a part of the photoelectric converting semiconductor layer and the semiconductor layer mentioned above 
is composed of hydrogenated amorphous silicon. 

75 

[Second embodiment] 

This embodiment provides a photoelectric conversion device having an equivalent circuit diagram shown in Fig. 
9 and capable of switching the drive method with trimming according to the timing chart shown in Fig. 1 0 and the drive 
20 method for reading ail the pixels according to Fig. 6. 

Such photoelectric conversion device is convenient for use, as the reading of all the pixels and the partial reading 
can be arbitrarily selected according to the necessity. 

For enabling such control, the present embodiment is provided, as in the first embodiment, with a control circuit A 
for controlling the shift registers SR1 and SR2. The partial reading and the reading of ail the pixels can be switched 
25 by the entry, into the control circuit A, of the name of the required output signals in case of the trimmed reading, or of 
the name of the required output signals of ail the pixels in case of the reading of all the pixels. 

it is also possible to obtain high-definition moving image information in the interest area while reading the peripheral 
area, by alternately effecting or suitably switching the reading of all the pixels and the trimmed reading. 

The information obtained outside the trimmed area may not provide satisfactory moving image, but the satisfactory 
30 image reading can be achieved easily and securely in the necessary interest area. 

[Third embodiment] 

This embodiment provides, in the photoelectric conversion device shown in Fig. 9, another example of reading the 
35 output signals of the photoelectric converting elements S21 , S22 and S23 only The drive until the charge accumulation 
by photoelectric conversion is same as in the first embodiment. Also the photoelectric conversion device can be basi- 
cally identical, in configuration with that of the first embodiment. 

The accumulated charges are outputted in succession as signals v1 - v3 : through the transfer TFT's T21 - T23 
and the switches M1 - M3, by the application of a Hi-level control pulse to the control line g2 and of control pulses to 
40 the control lines s1 - s3 of the shift register SR2. Hi-level control pulses are not applied to the control lines g1 , g3 for 
transferring the unnecessary output signals of the photoelectric converting elements S11 - S1 3 and S31 - S33. 

These operations are illustrated in a timing chart in Fig. 11 Hn this case not all the control tines g1 - g3 are driven 
after the exposure to the X-ray irradiation, but the control line g2 alone, corresponding to the desired reading area, is 
drive while other control lines g1 , g3 remain undriven. 
45 As shown in Fig. 1 1 , the control lines gl , g3 are also driven only at a timing when the control line g2 is also driven, 

for the purpose of initialization. In this manner the information of the interest area can always be obtained with stable 
characteristics. 

For enabling such control, the present embodiment is provided with a control circuit A for controlling the shift 
registers SR1 and SR2 as shown in Fig. 9. More specifically, the control circuit A generates a signal capable of starting 

50 the shift register SR1 from an arbitrarily designated address and stopping it at an arbitrarily designated address, and 
also generates start and stop signals for determining the addresses and the number of repetition of the register SR2 
according to the number of driven addresses of the register SR1. In this manner the output signals can be obtained 
from the required photoelectric converting elements. Such control circuit, being capable of recognizing the entered bit 
numbers of the sensors, is composed of logic circuits, but it may also be composed of circuits utilizing a microcomputer. 

55 The required two-dimensional information, representing for example the internal structure of the human body, can 

thus be obtained as v1 - v3, by the control of the shift registers SR1 and SR2 by the control circuit A. A still image can 
be obtained by the above-explained process, but such process is repeated in order to obtain a moving image. 

In the present embodiment there has been explained a case of two-dimensionally arranging nine pixels into a 3 
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X 3 matrix and outputting the signals of only three pixels therein, but the trimming can be achieved by driving, by the 
shift registers, any plural desired drive lines in succession. 

In the present embodiment, in a photoelectric conversion device for reading in succession the signals from plural 
photoelectric converting elements arranged in a two-dimensional array on a substrate, by successively scanning the 

* drive lines in the X-direction thereby transferring the signal charges in the signal lines in the Y-direction, the arbitrarily 
selected necessary drive lines alone are scanned in succession while the remaining drive lines are not driven for the 
purpose of signal charge transfer. Such photoelectric conversion device, capable of dispensing with the time required 
for driving the unnecessary drive lines and for reading the unnecessary output signals, can read the necessary signals 
at a higher speed. Thus, in case the photoelectric conversion device is utilized as an X-ray image capture device, 

io particularly in case of observation of a moving image by continuous irradiation of such image capture device with X- 
ray, there can be achieved a reduction in the X-ray radiation dose, providing a medically and environmentally significant 
advantage, because the above-explained drive method practically corresponds to an increase in the sensitivity, as the 
exposure time can be extended if the number of exposures per unit time is maintained constant. 

15 [Fourth embodiment] 

This embodiment utilizes the photoelectric conversion device of the third embodiment for switching the drive meth- 
od with trimming according to the timing chart shown in Fig. 11 and the drive method for reading all the pixels according 
to Fig. 6. ~ 

This embodiment provides the convenience for use as in the second embodiment, by switching the reading of all 
the pixels and the partial reading according to the necessity. 

For enabling such control, the present embodiment is provided, as in the first embodiment, with a control circuit A 
for controlling the shift registers SR1 and SR2. The partial reading and the reading of all the pixels can be switched 
by the entry, into the control circuit A, of the name of the required output signals in case of the trimmed reading, or of 
the name of the required output signals of all the pixels in case of the reading of all the pixels. 

Also in the present embodiment, an effect of moving image reading similar to that in the second embodiment can 
be obtained by alternate reading operations as in the second embodiment. 

[Fifth embodiment] 

Now reference is made to Fig. 1 2 for explaining a drive method for the photoelectric conversion device, constituting 
the image signal reading method of the present embodiment, and an X-ray image capture system utilizing the photo- 
electric conversion device enabling such drive method. However such system is naturally applicable also in the fore- 
going embodiments. 

Referring to Fig. 1 2, an X-ray image capture system is composed of an X-ray chamber 101 , an X-ray control room 
102 and a diagnosis room 103. It is also possible to construct the X-ray image capture system without the diagnosis 
room 103, and to connect a LAN as 103 to such X-ray image capture system. 

The functions of the entire X-ray image capture system are controlled by a system control unit 11 0, which principally 
performs the following functions. At first, it receives an instruction from an operator 105 through a user interface 111 
which can be, for example, a touch panel on a display, a mouse, a keyboard, a joy stick or a foot switch. The content 
of such instruction may include the image capture conditions (still image, moving image, voltage and current of X-ray 
tube, X-ray irradiation time etc.), the image capture timing, the image processing conditions, the ID of the patient, the 
processing method for the captured image etc. Based on the image capture conditions instructed from the operator 
105, the system control unit 110 sends an instruction to an image capture control unit 112, controlling the X-ray image " 
capture sequence, and fetches the data. Based on the instruction from the system control unit 110, the image capture 
control unit 1 1 2 drives an X-ray generating unit 1 20, an image capture base (specimen table) 1 30 and an X-ray detector 
1 40 to fetch image data, then transfers the image data to an image processing unit 1 50 for effecting the image process- 
ing designated by the operator, displays an image on a display 160 through a display drive circuit 151, and stores the 
basic image process data in an external memory 161. Then, also based on the instruction of the operator 105, the 
system control unit 110 effects, for example, repeated image processing, display of reproduced image, transfer of 
image data to the devices on the network (LAN), storage of the image data, display thereof and/or printinq thereof on 
a film. 

In the following the system will be explained further, according to the flow of the signals. 

The X-ray generating unit 120 is provided with an X-ray tube 121 and an X-ray diaphragm 123. The X-ray tube 
121 is driven by a high-voltage source 124 controlled by the image capture control unit 112 and emits an X-ray beam 
125. The X-ray diaphragm 123, driven by the image capture control unit 112, shapes the X-ray beam 125 for avoiding 
the X-ray irradiation to the unnecessary area, according to the change in the image capture area. The X-ray beam 1 25 
is directed to a specimen 126 placed on the X-ray transmitting image capture table 130, which is driven two-dimen- 
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sionally, perpendicular to the irradiating direction of the X-ray beam 125, according to the instruction of the image 
capture control unit 112. The X-ray beam 125 reaches the X-ray detector 140 after passing the specimen 126 and the 
table 130. 

The X-ray detector 140 is provided with a grid 141, a scintillator (fluorescent member) 142, a photoelectric con- 

5 verting element array (photodetector array) 143, an X-ray radiation dose monitor 144 and a drive circuit 145. The grid 
141 , serving to reduce the influence of the X-ray scattering caused by the transmission of the specimen 126, is com- 
posed of a low X-ray absorbing material and a high X-ray absorbing material, such as Al and Pb arranged in a stripe 
structure. The grid 141 is vibrated according to the instruction of the image capture control unit 112, in order to avoid 
moire fringe generation by the relationship of the grating structures of the photodetector array 143 and the grid 141. 

10 in the scintillator 142, the base material of the fluorescent member is excited by absorbing the X-ray of high energy 
and fluorescent light of visible range by the energy of recombination. Such fluorescent light is obtained either from the 
base material itself, such as CaW0 4 or CdW0 4 , or from light emitting centers formed by activation materials in the 
base material such as Csl:TI or ZnS:Ag. Adjacent to the scintillator 412 there is provided the photodetector array 143, 
which converts the photons into electrical signals. The X-ray radiation dose monitor 144 monitors the amount of the 

is transmitted X-ray, either by directly detecting the X-ray for example with a crystalline silicon photosensor or by detecting 
the light from the scintillator 142. As an example, the visible light transmitted by the photodetector array 143 and 
proportional to the X-ray radiation dose may be detected by an amorphous silicon photosensor formed on the substrate 
of the photodetector array 143. The detection signal of the monitor 144 is supplied to the image capture control unit 
112, which in response controls the high voltage source 124 to intercept or regulate the X-ray. The drive circuit 145 

20 drives the photodetector array 143 and reads the signals from the detecting elements, under the control of the image 
capture control unit 112. The photodetector array 143 and the drive circuit 145 will be explained later. 

The image signal (image data) from the X-ray detecting unit 140 is transferred from the X-ray chamber 101 to the 
image processing unit 150 in the X-ray control room 102. Since noises are often generated at the X-ray emission in 
the X-ray chamber 101, the transfer of the image data may be affected by such noises. For this reason there is preferably 

25 employed a transmission path with a high noise resistance, such as a transmission system having error correcting 
function, shielded and twisted paired wires combined with a differential driver, or an optical fiber transmission path. 
The image processing unit 150 executes image data correction, spatial filtering, recursive process etc. on real-time 
basis. It can also execute gradation process, correction for scattering, DR compression etc. The image thus processed 
is displayed on a display unit 160. Simultaneously with the read-time image processing, the basic image after data 

30 correction is stored in a high-speed memory 161, which is preferably composed of a data storage device of a large 
capacity, a high speed and high reliability, for example a hand disk array such as RAID. 

Also based on the instruction of the operator 1 05, the image data stored in the high-speed memory 161 are stored 
in an external memory device, with such data reconstruction as to satisfy a predetermined standard (such as IS&C). 
The external memory device is composed, for example, of a magnetooptical disk 162 or a hard disk in a file server 1 70 

35 on the LAN. The present X-ray image capture system can be connected to the LAN 103 through a LAN board 163, 
and is to constructed as to be compatible with the data of the HIS (hospital information system). To the LAN : there may 
be connected not only plural X-ray image capture systems but also a monitor 174 for displaying a still image or a 
moving image, a file server 1 70 for filing the image data, an image printer 1 72 for printing the image on a film, an image 
processing terminal 173 for effecting complex image processing and supporting the diagnosis etc. The present X-ray 

40 image capture system releases the image data according to a predetermined protocol, such as DICOM. It also enables, 
by a monitor connected to the LAN, the real-time remote diagnosis by the doctor at the X-ray image capture. 

Fig. 1 3 is a schematic plan view of a portion of four detecting elements (4 pixels) of an example of the photodetector 
array 143, and Fig. 14 is a cross-sectional view along a line 14-14. 

Each detecting element is provided with a photoelectric converting element 401 and a switching element 402. In 

45 Fig. 13, a hatched area indicates a light-receiving face of the photoelectric converting element 401, for receiving the 
fluorescent light from the scintillator 141 . A signal charge, obtained by the photoelectric conversion in the photoelectric 
converting element 401, is transferred to the processing circuit through the switching element 402. There are also 
shown a control line 708 for controlling the switching element 402, a signal line 709 connected to the processing circuit, 
a power supply line 71 0 for applying a bias to the photoelectric converting element, and a contact hole 720 connecting 

50 the photoelectric converting element 401 and the switching element 402. 

In the following there will be explained an example of the method for forming the detecting element including the 
photoelectric converting element and the switching element. 

At first chromium (Cr) is evaporated by sputtering or by resistance heating onto an insulating substrate 400 to form 
a first thin metal film 721 with a thickness of about 500 A. The film is then patterned by a photolithographic process 

55 and the unnecessary areas are etched off. The first metal film 721 constitutes the lower electrode of the photoelectric 
converting element 401 and the gate electrode of the switching element 402. Then a-SiNx (725), a-Si:H (726) and n + - 
layer (727) are deposited in succession, by CVD in the same vacuum environment, with respective thicknesses of 
2000, 5000 and 500 A. These layers respectively constitute the insulation layer/photoelectric converting semiconductor 
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layer/hole injection inhibiting layer of the photoelectric converting element 401 , and the gate insulation layer/semicon- 
ductor layer/ohrmc contact layer of the switching element (TFT) 402. They are used also as an insulation layer in a 
crossing area , (730 > ,n Fig. 1 3) of the first metal film 721 and a second metal film 722. The thicknesses of these layers 
fhf h2 T ° f a ^ ve - mentioned fi 9«res but can be optimally designed according to the voltage and charge of 
nrL«!hf'h 9 1 J am ° Unt of / luorescent "BW entering from the scintillator etc. At least the a-SiNx layer 725 
preferably has a thicknesses of 500 A or larger, in order to inhibit the passing of the electrons and the holes and to 
satisfactorily function as the gate insulation film of the TFT 402 

rt rhi3l th R% deP rip" ° f J h ! above - mentioned ' a y er s> an area for forming the contact hole (720 in Fig. 13) is dry 
etched by RIE or CDE, and alum.num (Al) is deposited, as a second metal film 722. by sputtering or by resistance 
heating, with a thickness of about 10,000 A. The film is then patterned by a photolithographic process and the unnec 

element 401 the source and dram electrodes of the switching TFT 402, and other wirings. Simultaneous with the 

th^chZp nL^T Tr^lno™ 722 " iS connec,ed with ,he firs1 metal film 721 at the contact hole. Also for forming 
the channel part o the TFT 402, an area between the source and drain electrodes is etched by RIE. and then the 

are fo C r^r; > !*, 'T', ^ ™ M ° ff by RIE to isolate the elema nts. this manner there 

are formed the photoelectric converting element 401, the switching TFT 402, other wirings 708, 709, 710 and the 
contsci nol9 720. 

Though the cross-sectional view in Fig. 1 4 illustrates only two pixels, a plurality of the pixels are naturally formed 
simultaneously on the insulating substrate 400. Finally, for improving the moisture resistance, the elements and the 
wirings are covered, for example, by a passivation film (protective film) 410 composed of SiNx (amorphous material 
containing silicon atoms and nitrogen atoms). H maienai 

As explained in the foregoing, the photoelectric converting element 401, the switching TFT 402 and the wirings 
can be formed by suitably etching the first metal film, the a-SiNx layer, the a-Si:H layer (amorphous material based on 
silicon atoms and containing hydrogen atoms), the n-layer (amorphous material based on silicon atoms and containing 

simZnL P r, OS ^° r °J arSinS at ° mS) ' the SSCOnd metal fNm ' whicn are teP™*^ in ^mon and 

s.multaneous manner. Also the photoelectric converting element includes only one injection inhibiting layer, which can 

be formed in the same vacuum chamber as that for other layers. 

In the following there will be explained the function of the photoelectric converting element 401 alone 

]T l ° \k C sh ? W J he ener 9V band of the Photoelectric converting element 401. in a direction across the 
constituent layers thereof F.gs. 15A and 15B respectively show the function states in the refreshing mode and the 
photoelectric ^conversion mode, wherein shown are a lower electrode 721 composed of chromium (hereinafter written 

o abS Ln^Jl Tr a Z 725 inhibitinQ the P3SSin9 ° f ,he eleC,rons and the holes . witn a < h ickness 
of about 500 A capable of inhibiting the passing of the electrons and the holes even under the tunneling effect a 

amo°nho? c riC ° onvertl "9 semiconductor layer 726 which is an intrinsic semiconductor layer composed of hydrogenated 

hST a ~. , • ^ ' nje rt Cti0n inhibi,in9 ' ayer 727 WhiCh iS an a " Si n " la y er ,or the Section of the 

holes into the photoelectric converting semiconductor layer 726, and an Al upper electrode 722 (hereinafter written as 
D electrode). Though the D electrode does no. completely cover the n-layer, they are always at a sameTotentfa! 
because of free electron movement therebetween, and this fact is utilized in the following description. The photoelectric 
converting element has two function states, namely the refreshing mode and the photoelectric conversion moae^le 
pending on the manner of voltage application to the D and G electrodes ' 
pi„ iVr 6 T B T n 2 T!*' the ° electrode is 9 iven a negative Position with respect to the G electrode as shown in 
« L^' Ti V r u e P^sented by the black circles in the i-layer 726 are guided by the electric field to the D 

1 SI < , h ?! same time, the electrons represented by the white circles are injected into the i-layer 726. In this state 
a part of he holes and a part of the electrons recombine and vanish in the n-layer 727 and in the i-layer 726 If this 
state continues sufficiently long, the holes in the i-layer 726 are removed therefrom 

wf »hTl e rL e ?, Sh i n9 ?°f e iS shif,edtothe Photoelectric conversion mode by giving a positive potential to the D electrode, 
with respect to the G electrode, as shown in Fig. 1 5B. In response, the electrons in the i-layer 726 are instantaneously 
guided to the D electrode. However the holes are not guided to the i-layer 726 since the n .ayer 727 functtonTas the 
injection inhibiting layer. If the light enters the i-layer 726 in this state, the light is absorbed to generate pairs of electrons 

Maver Si I h *T T 2""** ? e ' 9CtriC fie,d l ° * e ° eleCtrode - ° n the othe r hand, the holes move in the 
T f ! L u 16 W " h the insulation ^yer 725 and, as they cannot enter the insulation layer 725 they 

ab ° Ve " rner ' tion i ed interface - ln response, a current flows out from the G electrode in order to maintain the 
electrical neutralrty of the element This current, corresponding to the electron-hole pairs generated by the light te 
proportiona to the amount of the incident light. If the element is maintained in the photoelectric conversion mode shown 
MaJf ; lit 8 ^^T P Z ^ !" d iS thSn Sh,f,ed l ° the rSf r9Shin9 mode snown in R 9- 1 5A > the holes retained in the 
XoZl^Zl Th f < ele K r0de 38 eXP ' ained abOV6 ' and 3 CUrrent is simultaneous* generated corresponding 

to these holes The amount of such holes corresponds to the total amount of the light received during the photoelectric 
conversion mode. In this state there is also generated a current corresponding to the amount of tt^e Ltrons in^ *ed 
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into the i-layer 726, but the amount of such current, being almost constant, can be subtracted at the detection. In this 
manner the photoelectric converting element can output not only the amount of incident light on real-time basis but 
also the total amount of light received in a certain period. 

However, if the period of the photoelectric conversion mode is extended or the intensity of the incident light becomes 
5 stronger for some reason, the current generation may be suspended despite of the presence of the incident light. Such 
situation is induced by a fact that a large number of holes remain in the i-layer 726 and recombine with the generated 
electrons. There may be generated an unstable current if the state of the incident light varies in this state, but the holes 
in the i-layer 726 are removed by shifting the element to the refreshing mode again, and a current proportional to the 
incident light is obtained again in the next photoelectric conversion mode. 
10 In removing the holes from the i-layer 726 in the refreshing mode explained above, it is desirable to remove all the 

holes, but a partial removal of the holes is also effective and can provide a current same as explained above. More 
specifically it is required that the state shown in Fig. 15C does not occur at the detection in the next photoelectric 
conversion mode, and the potential of the D electrode relative to that of the G electrode in the refreshing mode, the 
period thereof and the characteristics of the injection inhibiting n-layer 727 can be so selected as to satisfy such re- 
15 quirement. Also in the refreshing mode, the electron injection into the i-layer 726 is not essential. Also the potential of 
the D electrode need not necessarily be negative relative to that of the G electrode, since, in case a large number of 
holes remain in the i-layer 726, the electric field therein is generated in a direction to guide the holes toward the D 
electrode even if the potential of the D electrode is positive relative to that of the G electrode. Also the injection inhibiting 
n-layer 727 is not necessarily required to inject the electrons into the i-layer 726. The foregoing explanation of the 
20 photoelectric converting element is basically applicable to the foregoing embodiments. 

In the following there will be explained the function of the detecting element of a pixel in the X-ray image capture 
device, with reference to Figs. 16 and 17. 

Fig. 16 is an equivalent circuit of a pixel, including the photoelectric converting element 401 and the switching TFT 
402, and Fig. 17 is a timing chart showing the function of such circuit. As explained in the foregoing, the present 
25 detecting element has two modes, namely the refreshing mode for initializing the photoelectric converting element 401 , 
and the photoelectric conversion mode for accumulating the received light in the form of a charge. 

Immediately after the power supply is turned on, there is assumed the refreshing mode in order to initialize the 
photoelectric converting element 401 . A bias power source 701 applies a voltage corresponding to the mode (refreshing 
mode or photoelectric conversion mode). In the refreshing mode, the bias power source 701 is set at a voltage Vr for 
30 the refreshing mode, and a voltage Vgh is applied to the gate 730 of the switching TFT 402 to turn on the TFT 402. At 
the same time, a resetting switch element 705 is turned on, whereby the D and G electrodes of the photoelectric 
converting element 401 are respectively set at a voltage Vr and a bias voltage VBT of a resetting power source 707 
(Vr < VBT). 

After the lapse of a predetermined time, the circuit is shifted from the refreshing mode to the photoelectric conver- 
ts sion mode, in which the bias power source 701 is set at a voltage Vs for the photoelectric conversion mode and the 
switching TFT 402 is turned off. At the same time the resetting switch element 705 is turned off, and the charge accu- 
mulation in capacitors C1 and C2 is started immediately thereafter. 

Immediately after the shift from the refreshing mode to the photoelectric conversion mode, the photoelectric con- 
version unit has a large dark current. In order to suppress the influence of such dark current, the G electrode in the 
40 photoelectric converting element 401 is again set at a voltage VBT after the lapse of a predetermined time from the 
shift to the photoelectric conversion mode. In more details, while the bias power source 701 is maintained at a voltage 
Vs, the resetting switch element 705 is turned on to maintain a capacitance element 713 at a voltage VBT, and the 
resetting switch element 705 is then turned off. Then the switching TFT 402 is turned on while the bias power source 
701 is maintained at the voltage Vs, thereby resetting the capacitor C1 in the photoelectric converting element 401. 
45 The accumulation of the signal charge in the capacitor C1 of the photoelectric converting element 401 is initiated when 
the switching TFT 402 is turned off. 

Subsequently the X-ray generating unit 120 emits the X-ray 125, which is converted, after passing the specimen 
1 26 and the grid 1 41 , by the scintillator 1 42 into the light in the sensitivity range (for example wavelength X = 550 nm) 
of the photoelectric converting element 401 , and thus converted light is further subjected to the photoelectric conversion 
so in the photoelectric converting element 401 . As the a-SiNx insulation layer 725 and the a-Si:H photoelectric semicon- 
ductor layer 726, constituting the photoelectric converting element 401 , are dielectric, the element 401 functions as a 
capacitance element and stores the signal charge in the capacitor C1 therein. 

After the X-ray irradiation, the TFT 402 is turned on to transfer the accumulated charge signal from the capacitor 
C1 in the element 401 to a capacitance element 713. In fact electrons flow from the capacitance element 713 into the 
55 capacitor C1 . The capacitance element 71 3 is not particularly formed as an element in the circuit shown in Fig. 1 3, but 
is inevitably formed by the capacitance between the upper and lower electrodes of the TFT 402 or by a crossing portion 
730 of the signal line 709 and the gate line 708. However it may naturally be designed and prepared as a separate 
element. 
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The above-explained operations, except for the power supply and the control of the TFT 402, are executed by 
amorphous devices formed on the insulating substrate. 

Then the signal potential of the capacitance element 71 3 is amplified 1 0 to 1 00 times by a preamplifier 721 and 
(s held in a succeeding sample-hold unit 750 at a timing shown in Fig. 17. The amplification gain is fixed during the 
measurement, but is switchable by an instruction from a system control unit 110, according to the purpose of the 
m at .°u P r « m P |ifier 721 and sample-hold unit 750 may be replaced by a current-voltage converting circuit 
Wh.le the sample-hold unit 750 releases the signal to the subsequent circuits, the photoelectric converting element 
401 effects at the same time the accumulation of the signal charge and the charge transfer to the capacitance element 
713, and the driving speed per element is elevated by such pipeline process. The output of the sample-hold unit 750 
is supplied through an analog multiplexer 751 (of which drive method will be explained later in the description of two- 
dimensional drive) to three amplifiers 752 (752-1 , 752-2, 752-3), having respective gains of x1 , x2 and x4 and respec- 
ively connected to A/D converters 760-1, 760-2, 760-3. The A/D converters 760 complete the A/D conversion while 
™T^J?J^* multip,exer 751 is fixed - then select a" effective A/D conversion output from the converters 
760-1 , 760-2, 760-3 based on an overflow signal of the input signal to the A/D converters 760, and provides the suc- 
ceeding image process unit 150 with the selected A/D conversion output together with the overflow signal of the A/D 
converters 760. By the above-explained configuration, the three A/D converters function as a single A/D converter with 
automatic range switching function. 

Then, in order to again read the signal charge (accumulated after the TFT gate 730 is turned off before) from the 
capacitor C1 of the photoelectric converting element 401, a resetting switch element 705 is turned on while the gate 
730 is turned off, thereby resetting the capacitance element 713 to the voltage VBT. After this state is reached the 
resetting swrtch element 705 is turned off, and the gate 730 of the TFT 402 is turned off Thus a signal charge corre- 
sponding to the amount of X-ray irradiation from the previous turn-off of the TFT 402 to the present turn-on thereof is 
sent to the capacitance element 713. Thereafter the signals can be read in succession, by repetition of the above- 
explained signal reading operation from the capacitance element 713. 

As ihe capacitor C2 in the photoelectric converting element 401 becomes saturated by the continuation of the 
signal reading operation, it is necessary to shift the element from the photoelectric conversion mode to the refreshinq 
mode at a predetermined interval and to refresh the element by removing the charge (positive holes) accumulated in 
the capacitor C2 of the photoelectric converting element 401 . The signal reading is executed by repeating the above- 
explained operations. 

For obtaining the charge signal of a higher S/N ratio, there may be executed a correction for the offset error resulting 
from the dark current. As the dark current of the above-explained photoelectric converting element is known to expo- 
nentially decrease as a function of time, a signal reading operation is repeated without X-ray irradiation at a predeter- 
mined time after the above-explained signal reading operation. The signal obtained by such repeated signal reading 
corresponding to the offset caused by the dark current, and the correction for the offset by the dark current can be 
made for the previously obtained signal including the X-ray irradiation, based on such offset value, the charge accu- 
mula ion time and the time after the refreshing. In case of capturing a still image, the data correction can be made by 
a software process after the image data are fetched for example in a RAM in the image process unit 150 In case of a 
moving image, the offset correction may be achieved by repeating the reading of the X-ray irradiation signal and that 
of the dark current m every predetermined accumulation time, storing thus read signals for example in a RAM and 
effecting digital subtraction by a hardware process. 

In the following there will be explained a photoelectric converting operation in case the detecting element shown 
"! S 9 ' u ! S 6 , Xpanded 10 a two-aimensional array. Fig. 18 is an equivalent circuit diagram of a two-dimensional array 
of the photoelectric converting elements, and Fig. 1 9 is a timing chart showing the funclion thereof 

A fon!^ 6 ^ 0 ' arfay 143 iS com P° sed of 2000 X 2 °°0 to 5000 X 5000 detecting elements (pixels) and has an 
area of 200 X 200 to 500 x 500 mm. In Fig. 17, the array 143 is composed of 4096 X 4096 pixels of an area of 4 S 
x 430 mm, so that each pixel has a size of 105 urn A two-dimensional array is obtained by arranging 4096 pixels of 
a block in a horizontal line, and arranging such 4096 lines in the vertical direction. 

In the above-explained configuration, the photodetector array of 4096 X 4096 pixels is formed on a single substrate 
but it may also be composed of four photodetector arrays each having 2048 X 2048 pixels. Such divided configuration 
provides the advantage of an improved yield in the manufacture. 

„no t eXplained in ,he fore 9oing, each pixel is composed of a photoelectric converting element 401 and a switch TFT 
402. The array has photoelectric converting elements 401 -(1,1) to 401 -(4096, 4096), in which G and D respectively 
indicate the lower and upper electrodes, and switching TFT 402-(1, 1) to 402-(4096, 4096). The G electrodes of the 
photoelectnc converting elements 401 -<m, n) in each column of the two-dimensional photodetector array are connected 
by the source-drain conductive paths of the corresponding switching TFT's 402-(m, n), to a common column signal 
line (Lc1 to 4096) for that column. For example the photoelectric converting elements 401 -(1, 1) to 40W4096 4096) 
of the first column are connected to the first column signal line Lc1. ' 

The D electrodes of the photoelectric converting elements 401 of each row are commonly connected, through a 
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bias line Lb, to the bias power source 701 for controlling the aforementioned modes. Also the gate electrodes of the 
TFT 402 of each row are connected to a row selecting line (Lr 1 - 4096). For example the TFT 402-(1 , 1 ) to 402-(4096, 
1 ) of the first row are connected to the row selecting line Lr1 . The row selecting lines Lr are connected to a line selector 
unit 810, composed of an address decoder 811 and 4096 switch elements 812 and serving to read an arbitrary line 

s Lrn. In simplest manner, the line selector 81 0 can also be composed of a shift register. 

The column signal lines Lc are connected to a signal reading unit 820 controlled by the image capture control unit 
112. The signal reading unit 820 is same, for each pixel, as the configuration already explained in Fig. 16. 

In this image capture device, the 4096 x 4096 pixels are divided into 4096 lines (corresponding to Lr or the hori- 
zontal row in Fig. 1 8), and the outputs of 4096 pixels of a row are simultaneously transferred through the column signal 

10 lines Lc, the pre-amplifiers 721 -1 to 721-4096 and the sample-hold units 750-1 to 750-4096, and are then released by 
an analog multiplexer 751 in succession to the A/D converter 760. In Fig. 18, there is illustrated only one A/D converter 
760, but the A/D conversion may also be executed simultaneously in 4 to 32 lines, and such configuration allows to 
reduce the image signal reading time without unnecessarily increasing the analog signal band or the A/D conversion 
rate. The charge accumulation time is closely related to the A/D conversion time, and the time required for the A/D 

is conversion of all the pixels is always longer than the charge accumulation time, because a proper image cannot be 
obtained if the X-ray irradiation is conducted during the charge transfer operation. A longer charge accumulation time 
results in an increase in the noise in the accumulated charge because of the dark current. On the other hand, in case 
of a high-speed A/D conversion, it is difficult to attain a desired S/N ratio because of the expanded bandwidth of the 
analog circuits. It is therefore required to reduce the reading time for the image signal without excessively increasing 

20 the A/D conversion speed. For this purpose the A/D conversion may be conducted with plural A/D converters 760, but 
an increased number of the A/D converters results in a higher cost. A suitable number of the A/D converters is to be 
selected in consideration of these factors. 

Since the X-ray irradiation time is about 10 to 500 msec, the image fetching time or the charge accumulation time 
is preferably selected as about 100 msec, or somewhat shorter. If the analog signal bandwidth is selected as about 50 

25 MHz and the A/D conversion is executed for example with a sampling rate of 1 0 MHz, the image fetching at 1 00 msec, 
requires at least 4 systems of the A/D converters 760. In the present image fetching device, the A/D conversion is 
preferably executed in 16 systems at the same time. 

Referring to Fig. 1 9, immediately after the power supply is turned on or before the capacitor C2 in the photoelectric 
converting element 401 is saturated with the accumulated charge, the refreshing mode is assumed in order to initialize 

30 the photoelectric converting element 401. As already explained with respect to the photoelectric converting element 
of each pixel, the image capture control unit 112 shifts a bias line Lb to a bias Vr for the refreshing mode and turns on 
the transfer switching TFT's 402-(1 , 1 ) to 402-(4096, 1 ) of the first row and the resetting switch element 705 to refresh 
the G electrodes of the photoelectric converting elements 401 -(1 , 1 ) to 401 -(4096, 1 ) of the first row to VBT and the D 
electrodes thereof to Vr. Then the image capture control unit 112 shifts the bias line Lb to a bias Vs for the photoelectric 

35 conversion mode and cuts off the column signal lines Lc1 - Lc4096 of the first to 4096th columns from the resetting 
power source 707, and turns off the transfer switching TFT's 402-(1 , 1 ) to 402-(4096, 1 ). Subsequently the photoelectric 
converting elements 401 of the second and subsequent rows are refreshed in a similar manner. When the refreshing 
is executed to the 4096th row, the refreshing mode expanded to the two-dimensional photodetector array is completed 
and the operation is shifted to the photoelectric conversion mode. In the foregoing explanation, the refreshing of the 

40 photoelectric converting elements 401 is conducted from the first row to the 4096th row, but it may be executed in an 
arbitrary order by the instruction of the image capture control unit 112. It is also possible to simultaneously turn on all 
the TFT's 402, thereby refreshing all the photoelectric converting elements 401 -(1, 1) to 401 -(4096, 4096). 

As the photodetector element 402 has a large noise charge immediately after the refreshing operation, it is reset 
to the reference potential. As already explained with respect to the photoelectric converting element of each pixel, the 

45 bias line is maintained at the bias Vs for the photoelectric conversion mode, and the transfer switching TFT's 402-(1 , 
1 ) to 402-(1 , 4096) are turned on to reset the G electrodes of the photoelectric converting elements of the first column 
to VBT. Then these TFT's are turned off. Subsequently, all the pixels are reset by repeating the above-explained op- 
eration starting from the second column. For the amorphous element 800, this operation is same as the signal charge 
reading operation except for a difference whether or not to fetch the signal charge and to effect the A/D conversion. 

50 Such resetting operation, selecting each TFT 402 but not executing the A/D conversion, will hereinafter be called 
"dummy reading". In such dummy reading operation, though it is possible to simultaneously turn on all the TFT's 402- 
(1, 1) to 402-(4096, 4096), the potential of the signal lines in such case becomes significantly shifted from the reset 
voltage VBT at the completion of preparation for the reading operation, so that the signals of a high S/N ratio are difficult 
to obtain. In the foregoing example, the row selecting lines Lr are reset from the first to 4096th but the resetting may 

55 be executed in an arbitrary order under the instruction from the image capture control unit 112. As the charge accu- 
mulation starts when the TFT 402 is turned off in each photoelectric converting element 401 , the every element 401 
has different charge accumulation starting time. 

In Fig. 19, a pulse train 730* conceptually indicates that a pulse turns on the TFT's of a column. The output of the 
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analog multiplexer 751 , indicated at a point B in Fig. 18, corresponding to a pulse in such pulse train, is schematically 
shown by B in Fig 19. As shown therein, the analog output corresponding to a pulse in the pulse train is given by a 
pulse train consisting of 4096 pulses. More precisely, since the output signals of a column are given through 16 chan- 
nels, 16 pulse signals are released simultaneously and the A/D conversion is executed for a pulse train consisting of 
256 pulses. 

After the dummy reading of all the photoelectric converting elements 401 is completed, such dummy reading op- 
eration is repeated at a predetermined interval and the refreshing operation is also repeated at a longer interval, until 
an instruction for starting the image capture is given by the operator 105. Upon receiving such instruction, the image 
capture control unit 112 waits until the completion of the dummy reading operation and effects the irradiation of the 
specimen 126 with X-ray. The X-ray beam 125 transmitted by the specimen 126 is converted by the scintillator 142 
into a visible light, which is absorbed by the photoelectric converting elements 401 . At the same time, the visible light 
transmitted by the photodetector array 143 is detected by the monitor 1 44. Based on the detection signal thereof, the 
image capture control unit 112 terminates the X-ray irradiation when an appropriate X-ray radiation dose is reached. 

After the X-ray irradiation, the signal charges are read from the photoelectric converting elements 401 . At first, as 
in the dummy reading operation, the TFT's of a row in the photodetector array (for example 402-(1 , 1 ) to 402-(4096, 
1 )) are turned on to release the accumulated signal charges to the signal lines Lc1 to Lc4096, from which the signals 
of 4096 pixels are simultaneously read. After the signal lines Lc are reset, the TFT's 402 of a different row (for example 
402-(1 , 2) to 402-(4096 : 2)) are turned on to release the accumulated signal charges to the signal lines Lcl to Lc4096, 
from which the signals of 4096 pixels are simultaneously read. This operation is repeated in succession for all the rows 
20 thereby obtaining the entire image information. 

After the reading of the signal charges obtained by the X-ray irradiation, the signal charges without the X-ray 
irradiation are also read, in order to correct the influence of the dark current etc. in such signal charges based on the 
X-ray irradiation. The image signals at the X-ray irradiation can be corrected in the following manner, by those without 
the X-ray irradiation. 

25 in the above-explained operation, the charge accumulation period for each sensor is from the completion of the 

resetting operation, namely from the turn-off of the TFT 402 at the dummy reading, to the next turn^n of the TFT 402 
for the charge reading operation. Thus the period and time of accumulation are different for each row selecting line Lr. 
As the correction becomes complex for such different accumulating periods, the image capture control unit 112 ordi- 
narily drives the photodetector array 1 43 in such a manner that the accumulation time is same for the image based on 
the X-ray irradiation and for the correcting image. For example, the control is executed in such a manner that the 
accumulation period T1 of the first row becomes equal to that T2 of the 4096th row, though they occur at different times. 

In case the image information of a high resolution is not required or in case a higher rate of image data fetching 
is desired, it is not always necessary to fetch all the image information, and the image capture control unit 112 may 
execute image skipping, pixel averaging or area extraction according to the selection of the operator. 

The image skipping can be achieved by at first selecting the row selecting line Lrl, and, at the output of the signals 
of a row from the column signal lines Lc, by selecting every other column signal lines Lc(2n - 1) starting from n = 1, 
wherein n is a natural number. Also in the selection of rows, the signals are read from every other row by selecting the 
row selecting lines Lr(2m + 1 ) starting from m = 1 , wherein m is a natural number. In this example, the number of pixels 
is skipped to 1/4, but the skipping can also be realized for example at 1/9 or 1/16 according to the instruction from the 
40 image capture control unit 112. 

The pixel averaging can be realized, in the above-explained operation, by applying Vgh simultaneously to the row 
selecting lines Lr(2m - 1) and Lr(2m) to simultaneously turn on the TFT 402-(2n, 2m-1) and the TFT 402-(2n, 2m) 
thereby achieving analog addition of the two pixels in the direction of column. Such addition is not limited to two pixels, 
but an analog addition of three or more pixels arranged along the column signal line Lr can be easily achieved. Also 
the addition in the direction of row can be achieved by a digital addition of the signals of mutually adjacent columns 
(Lc(2n) and Lc(2n + 1 )) after the A/D conversion. Thus, in combination with the analog addition mentioned above, there 
can be obtained the added value of 2 x 2 pixels in a matrix arrangement. In this manner the data can be read at a 
high speed, without wasting the irradiating X-ray. It is naturally possible also to effect averaging in a matrix other than 
2X2, and high-speed image capture with a matrix for example 3 x 3 or 4 x 4 can be achieved according to the 
instruction of the image capture control unit 112. 

The area extraction is to achieve a higher speed by reducing the number of pixels to be read, and is realized by 
limiting the image reading area. The operator 105 instructs a necessary area through the operator interface 11 1 , and, 
based on such instruction, the image capture control unit 1 1 2 varies the data reading area in driving the two-dimensional 
detector array 143. 

As an example of such drive, let us consider a case of capturing, in a high-speed image capture mode, the data 
of 1 024 X 1 024 pixels at a rate of 30 frames/sec. In such case, if the image is captured over the entire area of the two- 
dimensional detector array 143, the number of pixels is skipped to 1/16 by an addition process of 4 X 4 pixels, but, if 
the image is captured in a smallest area, the image is captured without skipping in an area of 1024 x 1024 pixels. 
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Such operation enables digital zooming of the image. 

In the following there will be explained the interest area. At first there will be explained the method for setting the 
image capture area in the present X-ray image capture device, with reference to Fig. 20. 

In Fig. 20, there are shown a moving image display 901, a display drive circuit 902 therefor, a still image display 

5 905 and a display drive circuit 906 therefor. 

An interface 111 to be used by the operator for instructing the image capture area and the X-ray irradiation is 
provided, for example, with an image capture position controlling lever 911, an image capture size selecting switch 
912, an image capture zoom/wide lever 913, a manual X-ray diaphragm lever 914, a radioscopy start switch 915, a 
radioscopy image enlarging switch 916, and a high-definition image capture switch 917. 

io The image capture position controlling lever 911 moves the center position of the image capture area. If the in- 

struction by this lever 911 is within the range of the photodetector array 143, the system control unit 110 does not move 
the specimen table 130 but moves the X-ray diaphragm 123 only, thereby varying the position of the X-ray irradiation. 
If the instruction is outside the range of the photodetector array 143 but within a range that can be covered by the 
movement of the specimen table 130, the system control unit 110 moves the specimen table 130. At the same time 

is the X-ray diaphragm 1 23 is also moved so as to match the center of the photodetector array 1 43 with that of the X-ray 
irradiation. 

The image capture size selecting switch 912 is to select the size of the image capture size, for example from the 
following three sizes of image capture. 
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When the operator 105 selects one of these sizes, the system control unit 110 at first moves the specimen table 
130 to match the center of the photodetector array 143 with that of the X-ray irradiation, and then drives the X-ray 
diaphragm 123 to adjust the X-ray irradiation area to the selected image capture size. At the same time the system 
control unit 110 instructs the drive circuit 145 for the photodetector array 143 to fetch the image of the selected area. 

35 The image capture wide/zoom lever 91 3 allows to vary the image capture area almost arbitrarily according to the 

operation of the operator 105. The image capture area selected by the image capture size selecting switch 912 men- 
tioned above is temporary and can be arbitrarily set by this image capture zoom/wide lever 913. In the variation of the 
image capture area, if the area overflows the area selectable by the image capture size selecting switch 91 2 : the spatial 
resolution on the photodetector array 143 at the transmission observation is varied automatically in such overflowing 

40 portion. More specifically, the automatic variation of the resolution takes place in the following manner: 
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Such variation can be achieved by a change in the drive method of the drive circuit 145, so as to effect addition 
and averaging of 4 X 4 pixels for a resolution of 1 /4, 3 X 3 pixels for a resolution of 1 /3 and 2X2 pixels for a resolution 
of 1/2. Naturally the averaging of a larger number of pixels reduces the resolution but increases the sensitivity per 
displayed pixel. 

55 The manual X-ray diaphragm lever 91 4 is used by the operator 1 05 for avoiding the X-ray irradiation to unnecessary 

areas outside the area selected by the image capture zoom/wide lever 913 or for avoiding entry of a strong X-ray, such 
as flare, into the photodetector array. The manual X-ray diaphragm lever 914 allows the operator 105 to directly ma- 
nipulate the X-ray diaphragm 123. However, the adjustable range of the X-ray diaphragm 123 is limited by the system 
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control unit 1 1 0 in such a manner that the irradiation does not take place over an area wider than that selected by the 
image capture size selecting switch 912 or by the image capture zoom/wide lever 913 

The radioscopy start switch 915 can be composed of a foot switch, to be used by the operator 105 for instructing 
the X-ray irradiation for radioscopy. When the start of radioscopy is instructed by the start switch 915, the image capture 
control unit 112 executes the radioscopy by automatically regulating the X-ray generating condition, based on the 
output from the X-ray radiation dose monitor 144. 

The radioscopy image enlarging switch 916 is actuated, if the resolution in the central portion of the image capture 
area « to be elevated in the course of radioscopic observation, to display an enlarged image of the central portion 
with an improved resolution. At the radioscopic observation, the spatial resolution is reduced in order to achieve high- 
speed image capture, but, when the radioscopy image enlarging switch 916 is selected, the system control unit 110 
reduces the image capture area while maintaining the spatial resolution in an optimum state, thereby displaying an 
enlarged image on the moving image display 901 . At the same time the X-ray diaphragm 123 is set at a size matching 
he image capture area. When the selection is terminated, the image capture area and the X-ray diaphragm 123 return 
to the original setting to continue the radioscopic observation. 

The high-definition image capture switch 917 is selected in case of capturing a high-definition image at a desired 
timing in the course of radioscopic observation. This switch is normally provided on the image capture position con- 
troning lever 911. When the capture of a still image is instructed by the switch 917, the X-ray is emitted to the specimen 
126 under a predetermined X-ray generating condition for a still image, and a high<iefinition still image is fetched 
processed in the image process unit 150 and displayed on the still image display 905. During the capture of the still 

r a H e 'u th ! T° V,n9 ,ma9e diSP ' ay 901 continues to display the radioscopic image immediately before the actuation of 
the high-definition image capture switch 917. 

The image capture area is determined by theconfiguration explained in the foregoing. The interest area, determined 
by a desired range of rows and a desired range of columns, is most simply defined as same to the image capture area 
In such case, the interest area is determined by the image capture size selecting switch 192 or the image capture 
zoom/wide lever 91 3. The image capture in the image capture area is executed, based on the center coordinate of the 
photodetector array 143 and the coordinates of the image capture area, recognized by the system control unit 110 
The X-ray irrad.at.on area may also be defined as the interest area. In this case, the X-ray irradiation area and the 
center coordinate thereof can be determined by simple calculations, since the position of the X-ray diaphragm 123 is 
recognized by the system control unit 110. The system control unit 110 controls the drive circuit 145 to execute the 
.mage capture, based on such coordinate. An example of sequence for the image capture will be explained later There 
may be adopted other configurations in which the operator 105 directly designates the center of the interest area on 
he moving image display 901 with a pointer such as a mouse, or which extracts the features of an area marked by 
the operator 105 and automatically controls the X-ray diaphragm 123 and the specimen table 130 in such a manner 
hat the marked portion always comes to the center of the radioscopic image, thus driving the drive circuit 145 main- 
taining the center of the interest area always at the center of the image capture area 

Now reference is made to Fig. 21 for explaining an example of the actual image capturing sequence 
On the photodetector array 1 43, the X and Y axes are respectively taken in the directions of the row selecting line 
Lrand the column signal line Lc, and the coordinate of the pixel is represented by (x, y). In Fig. 21, it is assumed that 
the s.gnal reading unit 820 including the A/D converter 760 etc. is positioned in the upper part of the photodetector 
array 143 while the line selector unit 810 is provided in the righthand part, and the X-ray irradiates from the rear side 
of the drawing toward the front side. The pixels are numbered as (1, 1) at the upper right corner and (4096 4096) at 
the lower left corner. 

It is also assumed that the center of the image capture area 200 is positioned at (1750, 2250) by the imaqe capture 
pos.t.on controlling lever 911 , that the image capture area 200 is set in a range of (500, 1 000) to (3000 3500) by the 
.mage capture zoom/wide lever 913, and that the X-ray irradiation area 210 is set in a range of (500, 2000) to (3000 

I V J manUa ' X " ray dia P hra 9 m lever 91 4 11 j s also defined that the interest area of the operator 1 05 coincides 
with the X-ray irradiation area 210. Under such conditions, the center of the interest area is at (1750 2250) while the 
.merest area is smaller than 3/4 X 3/4 but larger than 1/2 x 1/2 of the area of 4096 x 4096 pixels ,' so that addition 
averaging of 3 x 3 pixels is executed at the radioscopic observation as explained in the foregoing. Consequently the 
rows to be read ,n F.g. 21 at the radioscopic observation are read in the following manner. In the following there is also 
wntten an example of radioscopic image capture in case the selected area covers (m + 1)-th line to (m + n)-th lines 
along the Y-axis, wherein n is a multiple of 6. 

[Reading order] 

The reading order (A), the selected rows (in case of 2001 st - 3500th rows) (B) and the selected rows (in case of 
(m + 1 )th - (m + n)th rows) are correlated as follows: 
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Reading Selected rows Selected rows 

order ( 2001st-35Q0th rows) ( (m+1) th- ( m+n )th rows) 



1 

2 
3 
4 
5 
6 



2001,2002,2003 
3500,3499,3498 
2004,2005,2006 
3497,3496,3495 
2007,2008,2009 
3494,3493,3492, 



499=(n/3-l) 2748,2749,2750 

500= ( n/3 ) 2753, 2752, 2751 

501=(n/3+l) 2001,2002,2003 

502=(n/3+2) 3500,3499,3498 



m+l,m+2,m+3 
m+n, m+n-1 , m+n-2 
m+4,m+5,m+6 
m+n-3, m+n-4,m+n-5 
m+7,m+8,m+9 
m+n-6 , m+n- 7 , m+n-8 



m+n/2-2 , m+n/2-1 , m+n/2 
m+n/2+3, m+n/2+2,m+n/2+l 
m+1 ,m+2,m+3 
m+n, m+n- 1 , m+n-2 



25 



(Hereafter correlation repeats in the same manner.) 

30 

If the capture of a high-definition image is instructed by the high-definition image capture switch 917 in the course 
of a radioscopic observation, the capture of the radioscopic image is interrupted and the image on the moving image 
display 901 is frozen, and the sequence shifts to a drive routine for the X-ray irradiation area 210 for high-definition 
image capture. At first the photodetector array 143 is shifted to the refreshing mode and is refreshed. Then the pho- 
35 todetector array 143 is initialized in a driving direction from the periphery of the X-ray irradiation area 210 toward the 
center thereof , corresponding to the dummy reading operation explained in the foregoing, as exemplified in the follow- 
ing: 
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After the dummy reading operation is repeated plural (two to three) times, the X-ray irradiation is executed with 
the condition for still image capture. 

After the X-ray irradiation, the image signals are read in a driving order from the center of the X-ray irradiation area 
210 toward the periphery thereof, as exemplified in the following: 



Reading 
order 


Selected rows 
( 2001st-3500th rows) 


Selected rows 
( (m+1 )th-(m+n)t:h rows) 
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2750 


m+n/2 
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3 


2749 


m+n/2-1 


4 


2752 


m+n/2+2 


5 


2748 


m+n/2-2 


6 


2753 


m+n/2+3 


1499=(n-l) 


2001 


• 

m+1 


1500=n 


3500 


m+n 



After such reading operation, the array is immediately shifted to the radioscopic image capture mode 

The above-explained reading drive allows to minimize the signal charge accumulation time for the high^efinition 

image in the central portion of the interest area, thereby suppressing the influence of noises resulting from the dark 

curroni. 

The area outside the interest area of the present embodiment may be read collectively at the same time or be 
initialized without signal reading, as already explained in the first and third embodiments 

The collective reading may be executed, not only simultaneously over the entire non-image-reading area but also 
by dividing such area into a certain number of portions. Otherwise, after the signals are read from the image-reading 
area, the collective reading may be executed over all the pixels including those already read 
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As explained in the foregoing, the present invention enables high-speed signal reading even in a photoelectric 
conversion device having a two-dimensional array of plural photoelectric converting elements. 

Embodiments ol the present invention allow to dispense with the time for successively driving unnecessary drive 
lines and the time for reading unnecessary output signals, thereby enabling to read the signals of a necessary portion 
5 at a high speed. 

Embodiments of the present invention allow to equalize the sensor characteristics of all the photoelectric converting 
elements, by simultaneously returning the potentials at both ends of the unnecessary photoelectric converting elements 
to initial values within a short time, thereby providing photoelectrical ly converted information with higher reliability. 

Embodiments of the present invention allow to switch a driving method with image trimming and a driving method 
10 for reading all the pixels, thereby providing a photoelectric conversion device which can select the reading with all the 
pixels or the reading with a part of the pixels and is convenient for use. 

Furthermore, embodiments of the present invention allow, in driving an image capture device utilizing a photode- 
tector array, to at first set an interest area and to appropriately select the drive of the photodetector array with respect 
to such interest area. 

15 Also embodiments of the present invention allow, particularly in reading high-definition image data, to reset the 

photoelectric converting elements in succession from the periphery of the interest toward the center thereof, thereby 
selecting the signal charge accumulation time at the central portion shorter than that at the periphery, thus suppressing 
the influence of noises which increase together with the charge accumulation time and improving the S/N ratio in the 
central portion of the interest area. 

20 Furthermore, embodiments of the present invention allow, in case the photoelectric conversion device is utilized 

as an X-ray image capture device, particularly in case of a moving image observation by continuous X-ray irradiation 
on the X-ray image capture device : to reduce the X-ray radiation dose, thereby reducing the influence of radiation, 
such as X-ray, to the irradiated specimen, the operator ol the device and the environment. 

Though the foregoing embodiments have been directed to the X-ray image capture, the present invention is not 

25 limited to such application but is likewise applicable to any system employing an XY-addressable photodetector array. 
The present invention is particularly effective in improving the photoelectric converting characteristics, when it is applied 
to a system employing a photodetector array, in which the photoelectric converting element constituting a light-receiving 
unit includes a signal charge accumulating unit and a switch unit positioned in a signal reading path and has a tendency 
to show deterioration in the photoelectric converting characteristics, such as a decrease in the S/N ratio, together with 

30 an increase in the signal charge accumulation time. 

Naturally the present invention is not limited to the foregoing embodiments and descriptions but is subject to various 
modifications and combinations within the scope and spirit of the appended claims. 



35 Claims 

1. A drive method for a photoelectric conversion device for reading signals in succession from plural photoelectric 
converting elements, arranged two-dimensionally on a substrate, by successively scanning drive lines in the X- 
direction thereby transferring signals charges along signal lines in the Y-direction, which comprises: 

40 scanning in succession only arbitrarily selected drive lines for said plural photoelectric converting elements, 

while not driving the remaining drive lines for signal transfer, or driving said remaining drive lines simultaneously 
for signal transfer, at a timing different from the timing of drive of said arbitrarily selected drive lines. 

2. A drive method for a photoelectric conversion device according to claim 1 , wherein potentials at both ends of said 
45 photoelectric converting elements with said remaining drive lines are simultaneously returned to initial values. 

3. A drive method for a photoelectric conversion device according to claim 1 , wherein said remaining drive lines are 
collectively driven. 

50 4. a drive method for a photoelectric conversion device according to claim 1 , wherein said remaining drive lines are 
driven in divided manner 

5. A drive method for a photoelectric conversion device according to claim 1 , wherein, after transferring signal charges 
obtained by photoelectric conversion in the photoelectric converting elements corresponding to said arbitrarily 

55 selected drive lines, the drive lines are so driven as to initialize all the photoelectric converting elements. 

6. A drive method for a photoelectric conversion device according to claim 1, including a mode for reading signals 
by driving said arbitrarily selected drive lines, and a mode for reading signals by driving arbitrarily selected second 
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drive lines different from the aforementioned arbitrarily selected drive lines. 

7. A drive method for a photoelectric conversion device according to claim 6, wherein said two modes are executed 
alternately. 

8. A drive method for a photoelectric conversion device according to claim 1 , wherein said arbitrarily selected drive 
lines are selected by a plural number, and driven in succession from one at an inner side of the selected ones to 
one at an outer side thereof. 

9. A drive method for a photoelectric conversion device according to claim 1 , wherein said arbitrarily selected drive 
lines are selected by a plural number, and driven, prior to the reading of the signal charges by said drive lines for 
initialization in succession from one at an inner side of the selected ones to one at an outer side thereof. 

10. A drive method for a photoelectric conversion device according to claim 8. wherein said arbitrarily selected drive 
lines are selected by a plural number and driven, prior to the reading of the signal charges by said drive lines for 
initialization in succession from one at an inner side of the selected ones to one at an outer side thereof. 

11. A method for reading image data from a photodetector array including a matrix array of photosensor elements 
comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired 
range of rows and a desired range of columns in the photodetector array; 

b) detecting the signals of the photosensor elements of at least a row, from one side of the mutually opposed 
edges, in the direction of row, of said interest area; 

c) detecting the signals of the photosensor elements of at least a row, from the other side of the mutually 
opposed edges, in the direction of row, of said interest area; and 

J) alternately repeating the steps b) and c), for the rows, except for the already detected rows, until the signals 
of the photosensor elements of the row at the central portion of said interest area are detected. 

12. A method for reading image data from a photodetector array including a matrix array of photosensor elements 
comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired 
range of rows and a desired range of columns in the photodetector array; 

b) detecting signals of the photosensor elements of at least a row in the central portion of said interest area- 

c) detecting signals of the photosensor elements of at least a row adjacent to one of the two sides of the 
already detected row; 

d) detecting signals of the photosensor elements of at least a row adjacent to the other of the two sides of the 
already detected row; and 

e) alternately repeating the steps c) and d), for the rows, except for the already detected rows, until the signals 
of the photosensor elements of the rows on the mutually opposed edges, in the direction of row, of said interest 
area are detected. 
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A drive method for a photoelectric conversion device which is provided with a photodetector array including a 
matrix array of photosensor elements and in which signals from at least a part of the photosensor elements of 
each column are taken out from a common column output line through a switching element 
comprising steps of: 

a) determining, as an interest area of the user, an area of the photosensor elements defined by a desired 
range of rows and a desired range of columns in the photodetector array; 

b) taking the signals out to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row, from one side of the mutually opposed edges, in the direction of row, of said interest 
area; 

c) taking the signals out to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row, from the other side of the mutually opposed edges, in the direction of row of said 
interest area; and 

d) alternately repeating the steps b) and c), for the rows, except for the already detected rows, until the signals 
of the photosensor elements of the row at the central portion of said interest area are detected. 
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14. A drive method for a photoelectric conversion device which is provided with a photodeteclor array including a 
matrix array of photosensor elements and in which signals from at least a part of the photosensor elements of 
each column are taken out from a common column output line through a switching element, 

comprising steps of: 

5 

a) determining as an interest area of the user, an area of the photosensor elements defined by a desired range 
of rows and a desired range of columns in the photodetector array; 

b) taking the signals out to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row at the central portion of the interest area; 

w c) taking the signals out to the column output line by driving a switch element corresponding to the photosensor 

elements of at least a row adjacent to one of the two sides of the already detected row; 

d) taking the signals out to the column output line by driving a switch element corresponding to the photosensor 
elements of at least a row adjacent to the other of the two sides of the already detected row; and 

e) alternately repeating the steps c) and d), for the rows except for the already detected rows, until the switch 
15 elements corresponding to the photosensor elements of the rows at the mutually opposed edges, in the di- 
rection of row, of the interest area are driven. 

15. A photoelectric conversion device provided with a photodetector array including a matrix array of photosensor 
elements and including also a signal charge accumulation unit and a switch unit provided in the signal output path 

20 from such signal charge accumulation unit corresponding to each photosensor element, 

comprising: 

interest area determination means for determining as an interest area of the user, an area of the photosensor 
elements defined by a desired range of rows and a desired range of columns in said photodetector array; and 
25 drive means for generating a drive signal for said photodetector array based on the output of said interest area 

determination means; 

wherein said drive means is adapted to generate the drive signal for said photodetector array in such a manner 
as to reset the charges of said signal charge accumulation units by driving said switch units of said photode- 
tector array in succession from a row at the periphery of said interest area to a row at the center thereof, and, 
30 after the exposure to the light, to read the signal charges of said signal charge accumulation units by driving 

said switch units of said photodetector array in succession from the central portion of said interest area to the 
peripheral portion thereof. 
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16. A photoelectric conversion device according to claim 15, further comprising: 



read instruction detecting means for detecting a read instruction; and 

control means for controlling said drive means based on the output of the read instruction detecting means; 
wherein the control means is adapted to control said drive means so as'to effect the resetting, the exposure 
after the resetting and the signal charge reading after the exposure, based on the output of said read instruction 
40 detecting means. 

17. A photoelectric conversion device according to claim 15, further comprising: 

conversion means for converting an X-ray, emitted Irom X-ray irradiation means, into a visible light; 
45 wherein the visible light emitted from said conversion means is detected by said photodetector array. 

18. A photoelectric conversion device according to claim 15 : wherein said drive means is adapted to generate a drive 
signal for said photodetector array, for refreshing said signal charge accumulation units by driving said switch units 
of said photodetector array in succession from a row in the peripheral portion of the interest area toward a row at 

50 the central portion thereof. 

19. A photoelectric conversion device for reading signals in succession from plural photoelectric converting elements, 
arranged two-dimensionally on a substrate, by successively scanning drive lines in the X -direction thereby trans- 
ferring signals charges along signal lines in the Y-direction, comprising: 

55 means for successively scanning arbitrarily selected ones only among drive lines for said plural photoelectric 

converting elements. 

20. A photoelectric conversion device according to claim 19, further comprising means for simultaneously driving the 
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remaining ones of said drive lines, for transferring the charges, at a timing different from the timing for driving said 
arbitrarily selected drive lines. 

21 . A photoelectric conversion device according to claim 1 9, wherein said photoelectric converting element comprises 
5 in succession: 

a first electrode layer; 

a first insulation layer for inhibiting the passing of both the carriers of a first type and the carriers of a second 
type, different in polarity from those of said first type; 
an amorphous photoelectric converting semiconductor layer; 
a second electrode layer; and 

an injection inhibiting layer positioned between said second electrode layer and said photoelectric converting 
semiconductor layer and adapted to inhibit the injection of the carriers of the first type into said photoelectric 
converting semiconductor layer. 
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22. A photoelectric conversion device according to claim 19, wherein said photoelectric converting element includes 
a power supply unit, a detection unit and a control unit for controlling the switch element in such a manner; 

in a refreshing mode, as to apply an electric field to the layers of said photoelectric converting element in such 
a direction as to guide the carriers of said first type from said photoelectric converting semiconductor layer to 
said second electrode layer; 

in a photoelectric conversion mode, as to apply an electric field to the layers of said photoelectric converting 
element in such a direction as to retain the carriers of said first type, generated by the light entering said 
photoelectric converting semiconductor layer, in said photoelectric converting semiconductor layer, and to 
guide the carriers of said second type to said second electrode layer, and 
thereby detecting, as a light-induced signal, the carriers of said first type accumulated in said photoelectric 
converting semiconductor layer or the carriers of said second type guided to said second electrode layer in 
said photoelectric conversion mode. 

30 23. A photoelectric conversion device according to claim 22, wherein: 

said switch element includes a gate electrode layer: 
a second insulation layer; 
a non-singlcrystalline semiconductor layer; 

first and second electrode layers formed as a pair across a portion, constituting a channel area, of said sem- 
iconductor layer; and 

an ohmic contact layer provided between said main electrode layers and said semiconductor layer. 

24. A photoelectric conversion device according to claim 23, wherein: 

said first electrode layer and said gate electrode layer; 
said first insulation layer and said second insulation layer; 
said photoelectric converting semiconductor layer and said semiconductor layer; 
said second electrode layer and said main electrode layer; and " 
said injection inhibiting layer and said ohmic contact layer; 

are constituted respectively by common films. 

25. A photoelectric conversion device according to claim 19, wherein at least a part of said photoelectric converting 
semiconductor layer and said semiconductor layer is constituted by hydrogenated amorphous silicon. 

A photoelectric conversion device according to claim 1 9 : further comprising switching means for switching a state 
for obtaining signals from all of said plural photoelectric converting elements and a state for obtaining signals from 
said arbitrarily selected portion. 
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27. A photoelectric conversion device according to claim 1 9, further comprising a fluorescent member on said photo- 
electric converting elements. 
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FIG. 1A 



FIG. 1B 



FIG. 1C 
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FIG. 5 A 
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FIG. 9 
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(54) Photoelectric conversion device and driving method therefor 



(57) In a photoelectric conversion device for reading 
signals in succession from plural photoelectric convert- 
ing elements (S11 - S33), arranged two-dimensionally 
on a substrate, by successively scanning drive lines (g1 
- g3) in the X-direction thereby transferring signals 
charges along signal lines in the Y-direction, for reading 
the signals of the photoelectric converting elements in 
a partial area, only the arbitrarily selected drive lines for 
the plural photoelectric converting elements are 
scanned in succession while the remaining drive lines 
are not driven or are driven simultaneously for transfer- 
ring the charges at a timing different from the timing of 
drive of the arbitrarily selected drive lines. 
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